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THE  SHIPBUILDING  INDUSTRY 


This  section  of  the  report  provides  an  overview  of  the  shipbuilding 
industry,  placing  into  perspective  the  cost  problems  experienced  in  naval 
ship  construction.  It  describes  the  nature  of  the  industry  and  its  problems, 
emphasizing : 


. The  concentration  of  the  industry  as  reflected  by  an 

increasingly  limited  number  of  shipbuilders 
. The  sudden,  erratic  movement  in  labor  and  material  cost 

that  has  impacted  shipbuilders  worldwide 
. That  NAVSEA's  inability  to  accurately  estimate  costs  in 

the  recent  environment  is  shared  by  shipbuilders  in  the 
U.S . and  other  countries 

General  background  data  is  also  provided  for  reference  purposes  in  under- 
standing the  environment  within  which  NAVSEA  must  estimate  future  ship 
construction  costs. 
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1. 


SHIPBUILDING  IS  A HEAVY  FABRICATION  INDUSTRY  PRODUCING 
SMALL  NUMBERS  OF  EXPENSIVE,  COMPLEX  UNITS  OF  OUTPUT 


The  ship  construction  industry  exhibits  many  of  the  characteristics 
usually  associated  with  the  construction  of  commercial  buildings  and  other 
land-based  facilities  of  special  nature,  usually  one-of-a-type  design. 
Instability  of  the  market  within  which  construction  firms  operate  has  been 
recognized  as  a major  impediment  to  technological  advances  and  produc- 
tivity. Involved  are  large,  complex  and  expensive  projects  for  only  one, 
or  at  best  a limited  number  of  similar  products.  The  nature  of  the  industry 
limits  use  of  jigs,  fixtures  and  automatic  tools  such  as  employed  extensively 
in  production  line  industries  such  as  automotive  products  and  the  airframe 
industry. 

(1)  Due  To  Its  Heavy  Construction  Orientation,  Shipbuilding 

Permits  Only  Limited  Application  Of  Automation  And 

Mechanization 

Shipbuilding  is  a highly  labor  intensive  industry  where 
manual  and  supervisory  skills  are  vital.  Modern  shipyards  may  be 
laid  out  for  continuous,  but  not  necessarily  straightline  steel  flow. 
Continuous  sequencing  cannot  always  be  maintained,  particularly 
in  the  building  of  naval  ships.  Due  to  the  usual  demand  for  rela- 
tively small  numbers  of  ships  in  any  one  production  group,  and  the 
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need  to  make  modifications  in  successive  ships  to  suit  commercial 
trade  or  military  requirements,  it  is  difficult  to  justify  investment 
in  costly  special  tools.  Also,  orders  for  standard  or  repetitive  ships 
may  be  unobtainable  in  a timely  manner  to  assure  continuous  ship- 
way production,  hence  stops  and  startups  are  a frequent  occurrence. 
This  applies  to  both  commercial  and  naval  ship  construction. 

It  is  difficult  to  increase  the  capital/labor  ratio,  particularly 
in  an  atmosphere  of  uncertain  yearly  ship  demand. 

However,  it  should  be  noted  that,  in  the  past  few  years, 

U.S.  shipyards  have  invested  large  amounts  of  capital  in  modern- 
izing facilities.  And,  when  ship  orders  are  available,  they  are 
able  to  produce  runs  of  duplicate  ships. 

(2)  Limited  Automation  And  Mechanization  Applies  To  Ship- 
building In  All  Countries 

Even  the  highly  publicized  modern  shipyards  in  Japan, 
Sweden,  United  States  and  other  countries  are  unable  to  extensively 
use  mechanized  manufacturing  processes  for  anything  other  than 
fabricating  steel  which  ultimately  is  then  assembled  is  larger  modular 
segments.  These  modules  are  invariably  regulated  and  adjusted  by 
hand  in  the  final  shipway  or  construction  dock.  Machinery  and 
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equipment  are  usually  purchased  from  non-shipyard  sources,  thus 
the  shipyard's  share  of  the  commercial  ship  contract  is  often  less 
than  half  of  the  total  contract  price. 

(3)  Availability  And  Cost  Of  A Stable  And  Skilled  Labor  Force 

Is  Affected  By  Economic  Conditions  In  Both  The  Shipbuilding 

And  Commercial  Construction  Industries 

Shipyards  are  continually  faced  with  cyclical  lay-offs, 
while  simultaneously  undertaking  large  and  costly  training  programs 
to  assure  skilled  worker  availability  at  a later  period.  Attrition  in 
these  training  programs  is  very  high,  especially  among  welders, 
steelfitters,  electricians,  machinists  and  pipefitters  who  gravitate 
to  higher  paying  industries  with  opportunities  for  considerable 
overtime.  Also,  recent  Federal  pension  regulations  permitting 
transfer  of  pension  funds  has  reduced  interest  in  service  tenure. 

Labor  force  stability  is  a critical  element.  Yet,  volatility 
of  the  shipbuilding  and  repair  labor  force  resulting  from  cyclical 
ship  construction  contracting  and  loss  of  skilled  workers  to  higher 
paying  industries  is  evidenced  by  the  high  monthly  labor  turnover 
rates.  As  shown  in  Table  A,1 , turnover  is  almost  double  that  of  the 


manufacturing  industry. 


TABLE  A.  1 


LABOR  TURNOVER  ^ 

(Per  100  workers  per  month) 

SHIPBUILDING 


YEAR 

MANUFACTURING 

AND  REPAIR 

1960 

8.1 

22.6 

1965 

8.4 

18.8 

1966 

9.6 

17.7 

1967 

9.0 

17.5 

1968 

9.2 

17.7 

1969 

9.6 

16.3 

1970 

8.8 

15.4 

1971 

8.1 

17.2 

1972 

8.6 

15.9 

1973 

9.4 

15.4 

1974 

9.0 

13.9 

1975 

7.9 

12.2 

1976 

7.7 

12.5  (thru 

October) 

SOURCE:  Bureau  of  Labor  Statistics,  Employment  and  Earnings 

(1)  Labor  turnover  is  the  total  of  accessions  (new  hires 
and  rehires)  and  separations  (quits,  lay-offs, 
terminations,  deaths,  disability  and  retirement). 
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The  effect  af  the  Merchant  Marine  Act  af  1970  with  its 


increase  in  ship  construction  and  the  large  naval  programs  has  been 
to  reduce  the  shipbuilding  and  repair  labor  turnover  from  22.6  per- 
cent per  month  in  1960  to  an  average  af  about  13  percent  in  1975 
and  1976.  Undoubtedly,  some  portion  of  this  improved  stability 
results  from  the  higher  unemployment  during  these  two  years. 

(4)  Wages  For  Comparable  Skills  In  U.S.  Shipbuilding  Are 

Lower  Tion  In  Contract  Building  Construction,  Causing 

A Drain  Of  Skilled  Workers 

Comparative  industry  wages  shown  in  Table  A.  2 represent 
gross  average  hourly  earnings  ar  take-home  pay  during  the  period 
of  1967-1976.  This  figure  includes  incentives,  overtime  and  late 
shift  pay,  but  does  not  include  fringes  ar  irregular  bonuses  and 
hence  does  not  represent  the  full  cost  af  each  employee.  Average 
hourly  earnings,  however,  are  a reasonable  indicator  of  relative 
labor  costs.  During  this  1967-1976  period,  shipbuilding  wages  in 
the  U.S.  increased  74  percent  compared  ta  89  percent  far  com- 
mercial construction.  The  wage  gap  between  these  twa  industries  — 
competing  in  an  overlapping  labor  market  — remains  appreciable. 
This  will  have  the  effect  af  draining  skilled  workers  fram  ship- 
building to  contract  construction. 


TABLE  A. 2 


Year 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

Percent 

Increase 

1967-1976 


AVERAGE  HOURLY  EARNINGS  IN  SELECTED  INDUSTRIES 

1967-1976 


Shipbuilding 
& Repair 

Transportation 
and  Public 
Utilities 

Durable 

Goods 

Manu- 

facturing 

Contract 

Construction 

Total 

Private 

$3.44 

$3.24 

$3.00 

$2.83 

$4.11 

$2.68 

3.58 

3.42 

3.19 

3.01 

4.41 

2.85 

3.81 

3.64 

3.38 

3.19 

4.79 

3.04 

3.96 

3.85 

3.55 

3.36 

5.24 

3.22 

4.12 

4.31 

3.79 

3.57 

5.69 

3.44 

4.36 

4.64 

4.06 

3.81 

6.03 

3.67 

4.61 

5.04 

4.34 

4.08 

6.37 

3.92 

4.98 

5.43 

4.69 

4.41 

6.75 

4.22 

5.51 

5.92 

5.14 

4.81 

7.25 

4.54 

6.01 

6.46 

5.50 

5.19 

7.68 

4.87 

74 

99 

83 

83 

89 

82 

SOURCE:  Bureau  of  Labor  Statistics,  Employment  and  Earnings 
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It  is  noted,  however,  that  during  the  past  few  years  the 
yearly  percentage  of  increase  has  been  generally  greater  for  ship- 
building than  for  contract  construction.  Based  on  recent  trends,  it 
is  anticipated  that  U.S.  shipyard  wages  will  by  the  mid-80's  be 
more  nearly  equivalent  to  wages  in  contract  construction. 

2.  MERCHANT  SHIP  CONSTRUCTION  IS  CONCENTRATED  IN  A 
HANDFUL  OF  COUNTRIES 

The  number  of  major  shipbuilding  countries  worldwide  tends  to  be 
relatively  few.  This  reflects  the  relatively  small  yearly  output  of  approx- 
imately 2000-3000  ships*  worldwide,  with  a much  smaller  output  of  major 
naval  ships.  Such  level  of  output  cannot  support  many  competitors,  and  as 
will  be  described,  historical  market  penetration  has  resulted  in  one  country 
dominant  in  merchant  construction. 

(1)  The  Rate  Of  Growth  And  Character  Of  International  Trade 
Drive  The  Demand  For  Merchant  Shipbuilding 

International  trade  is  the  stimulant  for  international  ship- 
building. The  volume  of  international  trade,  measured  in  dollar 
value  of  shipments,  has  increased  at  the  annual  average  of  18  per- 
cent over  the  past  ten  years.  Dollar  increases  during  1973  and 
1974  were  exceptionally  large,  caused  in  part  by  the  higher 

* 2000  DWT  or  more 
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inflation  rates  in  these  years.  However,  there  was  a considerable 
drop  in  1975,  when  a trade  increase  of  only  3.4  percent  was  in- 
dicated which  reflected  world  conditions. 

The  greatest  overall  trade  growths  have  been  in  bulk  and 
liquid  cargoes  which  resulted  in  the  construction  of  large  tankers 
and  bulk  carriers  in  the  1970's.  Shift  in  trade  patterns  and  projec- 
tions have  had  significant  effects  on  charter  and  freight  rates  and 
hence  volume  of  new  construction  orders.  Typical  is  the  quad- 
rupling of  crude  oil  prices  during  the  past  two  years  which  lowered 
the  importation  of  fuel  oils  by  the  industrial  nations,  either  on  an 
actual  or  growth  rate  basis.  The  tremendous  lay-up  of  tanker 
tonnage  (over  ten  percent  of  total  world  tonnage)  and  to  a lesser 
extent  dry  cargo  tonnage  as  shown  in  Table  A.  3 and  the  consequent 
reduction  and  cancellations  of  many  VLCC  orders  have  created 
chaotic  conditions  among  the  major  world  shipbuilders. 

Other  factors  that  affect  the  shipbuilding  market,  which  may 
be  called  "step  functions,  " are  caused  by  some  new  or  totally 
unanticipated  occurrences,  good,  or  bad.  In  addition  to  the  afore- 
mentioned oil  prices,  "step  functions"  could  include  growing  mari- 
time nationalism,  currency  devaluations,  bilateral  shipping 
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TABLE  A. 3 


WORLD  LA  ID-UP  TONNAGF 

(OOP's  DWT) 


Dry  Corgo 

Tonker 

Total 

Oct.  1974 

404 

915 

1,319 

Jan.  1975 

459 

3,602 

4,061 

Apr.  1975 

2,920 

17,189 

20,109 

July  1975 

7,140 

29,609 

36,749 

Oct.  1975 

8,250 

34,894 

43,144 

Jan.  1976 

8,137 

41,422 

49,560 

Apr.  1976 

6,408 

44,797 

53,204 

July  1976 

6,809 

42,813 

49,622 

Oct.  1976 

4,979 

32,867 

37,846 

Jan.  1977 

5,532 

30,291 

35,823 

Apr.  1977 

5,967 

26,254 

32,221 

SOURCE:  SealTode 
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agreements,  closing  of  critical  waterways  (i.e.,  Panama  and  Suez 
Canals)  and  new  concepts  of  transportation,  among  others.  Any  of 
these  factors  can  cause  significant  changes  in  the  market  price 
which  can  be  unrelated  to  cost. 

While  the  amount  of  laid-up  tonnage  is  slowly  decreasing, 
it  is  estimated  that  the  demand  for  large  international  tankers  will 
not  return  until  at  least  1985,  with  the  present  shipbuilding  require- 
ments being  confined  to  limited  numbers  and  total  tonnages  of  small 
tankers,  bulk  carriers  and  special  type  cargo  ships.  The  June  1977 
issue  of  "SEATRADE"  states  “no  light  yet  at  the  end  of  the  tanker 
market  tunnel.  " Many  owners  are  scrapping  the  smaller,  over  ten 
year  old  ships,  in  part  helped  by  high  steel  scrap  prices  in  Taiwan, 
as  a means  of  reducing  unprofitable  tonnage. 

(2)  Eighty  Percent  Of  Merchant  Ship  Deadweight  Tonnage  Now 

On  Order  Is  Concentrated  In  Nine  Countries 

As  shown  in  Table  A, 4,  merchant  ship  construction  is  now 
concentrated  in  relatively  few  countries.  Almost  two-thirds  of  ships 
on  order  are  in  five  countries  — Japan,  Sweden,  U.S.,  Brazil, 
and  Spain. 
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TABLE  A. 4 


MERCHANT  SHIPS  ON  ORDER  BY  COUNTRY 
AS  OF  JUNE  1977 


% of  Total 


Country 

DWT  on  Order 
(000's  of  DWT) 

Worldwide 

Japan 

23,399 

32.9 

Sweden 

6,621 

9.3 

U.S.A. 

5,968 

8.4 

Brazil 

5,130 

7.2 

Spain 

4,786 

6.7 

Great  Britain 

3,918 

5.5 

France 

2,906 

4.1 

Italy 

2,036 

2.9 

Germany  (GFR) 

1,899 

2.7 

Total  nine  countries 

66,288 

79.8 

World  Total 

71,044 

100.0 

Source:  "Ships  on  Order",  The  Motor  Ship,  July  1977. 
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It  should  be  noted  that  total  deadweight  tonnage  alone  does 
not  indicate  the  relative  value  of  shipbuilding  business  in  any  one 
yard  or  country.  Shipbuilding  must  also  be  evaluated  in  terms  of 
price  or  complexity  of  construction  to  reflect  man-hours  and 
materials  — though  public  availability  of  such  contracting  informa- 
tion is  very  limited  in  the  maritime  market. 

Furthermore,  as  shown  in  Table  A.5,  the  average  size  of 
ships  on  order  or  building  has  risen  from  about  30,000  DWT  in  1967 
up  to  78,000  DWT  in  1974  which  reflects  the  increasing  quantity  of 
VLCCs  (Very  Large  Crude  Carriers)  being  constructed  during  that 
period.  In  1976,  the  average  size  dropped  to  about  54,000  DWT 
which  reflects  a dearth  of  new  VLCC  orders  and  the  current  interest 
in  ships  of  somewhat  smaller  size.  By  July  1 , 1977,  the  average 
merchant  ship  was  down  to  about  33,300  DWT. 

To  illustrate  the  effect  of  ship  size,  type  and  complexity  on 
costs,  the  international  price  of  constructing  a 250,000  DWT  tanker 
is  approximately  $250  per  DWT,  a 20,000  DWT  container  ship 
about  $2000  per  DWT,and  a 35,000  DWT  bulk  carrier  about  $375 
per  DWT. 
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TABLE  A. 5 


WORLD  SHIPS  ON  ORDER  OR  BUILDING  (1963 
os  of  October  1 pf  each  year 

2000  DWT  or  larger 


Year 

No.  of  Ships 

DWT 

(000) 

1967 

1,957 

59,185 

1968 

1,822 

69,066 

1969 

2,299 

91,248 

1970 

2,593 

114,190 

1971 

2,817 

141,650 

1972 

2,276 

138,162 

1973 

2,615 

200,705 

1974  Sept.  1 

3,007 

235,444 

1975 

2,720 

166,981 

1976 

2,461 

113,996 

1977  July  1 

2,133 

71,044 

SOURCE:  "Ships  on  Order, " The  Motor  Ship,  July  1977 


1976) 


Average 
DWT  per  Ship 

30,240 

37,900 

39,690 

44,040 

50,280 

60,700 

76,750 

78,300 

61,390 

46,320 

33,310 
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(3)  Jopan  is  The  Largest  Shipbuilding  Center,  Accounting  For 
One  Third  Of  Merchant  Ship  Deadweight  On  Order 


Japan  has  rapidly  risen  to  be  the  largest  commercial  builder 
in  the  world  with  a current  orderbook  of  about  33  percent  of  the 
international  yearly  tonnage  of  which  84  percent  is  for  export,  and 
has  replaced  the  United  Kingdom  as  the  leader  in  this  business 
during  the  post  World  War  II  period.  There  are  over  70  shipyards 
building  oceangoing  vessels  in  Japan. 

In  the  past  several  years,  however,  the  Japanese  shipbuilding 
industry  has  been  hard  hit  by  the  slump  in  new  construction  and  rise 
in  labor  costs.  Orderbooks  of  Japanese  shipyards  are  seriously 
depressed,  and  the  Japanese  government  has  been  actively  seeking 
ways  to  improve  the  situation.  Japanese  shipbuilders  are 
actively  pursuing  investments  in  shipbuilding  facilities  in  lower 
labor  cost  countries.  Kawasaki,  for  example,  has  just  negotiated  a 
joint  venture  to  build  a large  repair  yard  in  the  Philippines,  and 
other  Japanese  yards  have  growing  interest  in  other  Philippine  ship- 
building facilities. 
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(4)  U.S.  Shipbuilders  Hove  The  Third  Largest  Orderbook^ 
Accounting  For  8.4  Percent  Of  Merchant  Deadweight 
Now  On  Order 

In  terms  of  percent  of  world  deadweight  tons  on  order,  U.S. 
shipyards  have  risen  from  eighth  to  third  place  since  1972.  This 
reflects  an  increase  in  the  U.S.  orderbook  from  3.9  million  DWT  as 
of  September  1972  to  6.0  million  DWT  as  of  July  1977.  During  the 
same  period  the  world  orderbook  fell  from  138  million  to  71  million 
DWT. 

(5)  Northern  European  Shipbuilders  Have  Been  Very  Hard  Hit 
By  The  Worldwide  Ship  Construction  Slump 

Sweden's  orderbook  has  fallen  to  about  one  third  the  1973 
level.  German  shipbuilders'  orderbook  has  fallen  to  about  one 
quarter  the  1973  level.  These  decreases  in  orders  in  hand  have 
prompted  broad  policy  studies  by  government  offices  responsible  for 
maritime  planning.  There  seems  little  doubt  that  substantial  changes 
in  the  structure  and  number  of  shipyards  are  to  result  from  the  policy 
studies. 
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3. 


NAVAL  SHIP  CONSTRUCTION  IS  GEOGRAPHICALLY  MORE 
CONCENTRATED  THAN  MERCHANT  CONSTRUCTION,  WITH 
THE  UNITED  STATES  AND  SOVIET  UNION  ACCOUNTING  FOR 
MOST  OF  THE  PRESENT  ACTIVITY 

Published  statistics  on  naval  construction  are  not  as  readily  available 
as  in  the  case  of  merchant  work.  But  it  cari  be  concluded  that  naval  con- 
struction is  concentrated  in  few  countries. 

(1)  Over  The  Period  1964-74  The  Soviet  Union  And  The  United 
States  Constructed  249  And  163  Naval  Ships  Respectively 

During  this  period,  dramatic  increases  in  Soviet  defense  oriented 
spending  was  seen.  In  addition,  the  Soviet  shipbuilding  program  was  ex- 
panded to  the  extent  that  currently  their  navy  consists  of  a larger  num- 
ber of  ships  that  any  other  in  the  world.  A major  achievement  of  the 
Soviet  building  program  occurred  during  1970  when  their  nuclear  sub- 
marine fleet  exceeded  that  of  the  U.S.  in  number  of  ships. 

Table  A. 6 provides  a comparison  of  U.  S.  versus  U.S.S.R. 
principal  naval  ships  built  during  1964  - 1974. 
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TABLE  A. 6 


COMPARISON  OF  NAVAL  SHIPBUILDING 

U.S.  VS.  U.S.S.R.  DURING  1964-1974 


Soviet  U.S. 


Aircraft  Carriers 

0 

2 

Other  Aviation  Ships 

2* 

5' 

Cruisers 

16 

16 

Destroyers 

27 

6 

Frigates  (ocean  escorts) 

57 

61 

Nuclear  Strategic  Missile  Submarines 

45 

28 

Nuclear  General  Purpose  Submarines 

56 

45 

Conventional  Submarines 

46 

0 

TOTAL 

249 

163 

2 Guided  Missile  - Helicopter  Carriers  (CHG) 
5 Amphibious  Assault  Ships  (LPH) 


In  addition  to  the  principal  combatants  shown  above,  Soviet 
small  combatants,  auxiliaries,  and  other  amphibious  craft  showed  an 
increase  of  over  1,000  for  that  period  while  the  United  States 
increased  by  only  112. 

Testimony  on  several  occasions  before  the  Defense  Subcom- 
mittee of  the  Committee  on  Appropriations  during  1977  revealed 
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additional  facts  regarding  shipbuilding  in  the  Soviet  Union.  The 
Soviets  have  the  largest,  most  modern  submarine  yards  in  the  entire 
world,  having  expanded  from  two  to  four  yards  since  1966.  Addition- 
ally, almost  all  of  the  11  principal  Soviet  building  yards  have  under- 
gone major  modernization  during  the  past  five  years.  Currently  only 
two  shipbuilding  yards  in  the  United  States  are  building  nuclear 
submarines. 

In  the  area  of  demonstrated  capability,  the  Soviets  have  de- 
livered over  800  surface  combatants,  amphibious  craft  and  mine  war- 
fare compared  to  U . S.  deliveries  of  172.  Admiral  H.  G.  Rickover, 
U.S.N.  stated  in  his  testimony  before  the  House  Appropriations  Com- 
mittee on  March  24,  1977  that  the  Soviets  have  a "nuclear  submarine 
production  capability  of  20  ships  a year  on  a single  shift  basis". 

Further  evidence  of  Soviet  accomplishments  in  shipbuilding  is  seen  in 
the  fact  that  currently  the  Soviet  fleet  of  nuclear  ballistic  missile 
submarines  is  50  percent  larger  than  that  of  the  U.  S.  The  Soviet 
shipbuilding  industry  is  delivering  SSBNs  at  a rate  of  six  per  year. 

The  U.  S.  on  the  other  hand  has  not  delivered  any  SSBNs  in  the  past 
ter,  years.  Current  U.  S.  submarine  programs  are  based  on  a projected 
combined  delivery  rate  of  three  to  four  SSN/SSBNs  per  year. 
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(2)  Other  Countries  Are  Constructing  Naval  Ships,  But  Not 
On  The  Same  Scale  As  The  U.S.  And  U.S.S.R. 


A review  of  "Jane's  Fighting  Ships"  1976-1977,  reveals  that 
the  primary  nations  having  naval  ships  built  at  this  time  number  approxi- 
mately 30.  The  countries  showing  the  largest  current  building 


programs  include: 

Total  Number 

Number  of  Total 

Country 

Being  Constructed 

Significant  Combatants 

People's  Republic 
of  China 

58 

14 

United  Kingdom 

30 

16 

France 

25 

21 

* Includes  carriers,  cruisers,  destroyers,  frigates,  corvettes,  submarines. 

As  shown  in  Table  A. 7,  U.S.  naval  ship  construction  activity  is 
much  greater  than  that  of  other  free-world  nations.  The  U.S.  program 
planned  for  FY  1978  is  about  $6  billion  — as  compared  to  $3.7  billion 
for  1976.  No  comparable  increase  appears  to  be  planned  in  the  other 
NATO  countries. 
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TABLE  A. 7 


COMPARISON  BY  COUNTRY  OF  NAVAL  EXPENDITURES 

(in  Million!  of  US.  Pol  tors) 


Increoie  (Decreoie) 

1972 

1974 

1972  - 1974 

United  Stotes 

*3013. 2* 

13508.4* 

$495.2 

Belgium 

11.7 

26.9 

15.2 

Denmork 

17.1 

43.7 

26.6 

West  Germany 

170.1 

204.8 

34.7 

itol  y 

29.6 

73.5 

43.9 

Netberlonds 

46.2 

121 .7 

75.5 

United  Kingdom 

396.2 

4-46 .1 

49.9 

Increoie  (Decreoie) 

1974 

1976 

1974  - 1976 

United  States 

S 3508.4 

*3928.0* 

$ 419.6 

Belgium 

26.9 

52.0 

25.1 

Denmark 

43.7 

51.8 

8.1 

West  Germany 

204.8 

253.3 

43.5 

Itol  y 

73.5 

63.9 

10.4 

Net  herlonds 

121 .7 

92.3 

(29.4) 

United  Kingdom 

446.1 

435.6 

(10.5) 

Sources  for  United  Slotes  figures: 

M)  Historicol  fidget  Doto,  April  1976;  OP924E5  U.S.  Novy  pg . 50 
(2)  Deportment  of  Defense  Appropriot ions  of  1977;  Heorings  before 
Subcommittee^  tbe  Committee  on  Appropriot  ions  * House  of 
Repreventotives,  Port  5 Procurement;  Morch  1976  pg.  641 


The  number  of  naval  ships  being  constructed  or  planned  in  all  NATO 
countries  is  shown  in  Table  A. 8.  Although  a few  countries  have  ambitious 
current  programs  and  future  plans,  the  general  reliance  on  U . S.  naval 
strength  is  obvious. 
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SUMMARY  OF  NAVAL  SHIPBUILDING 
UNDERWAY  IN  NATO  COUNTRIES 

including  Froncc,  but  excluding  United  Sfotes) 
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4. 


THE  U.S.  SHIPBUILDING  INDUSTRY  IS  A HIGHLY  CONCEN- 

TRATED INDUSTRY  LARGELY  DEPENDENT  ON  GOVERNMENT 
GENERATED  PROGRAMS 

Considerable  information  has  been  published  in  recent  years  on  the 
U.S.  shipbuilding  and  repair  industry.  The  Report  of  the  Commission  on 
American  Shipbuilding  dated  October  1973,  the  1974  Hearings  of  the 
Seapower  Committee  of  the  House  Armed  Services  Committee,  and  the 
Annual  Report  on  the  Status  of  the  Shipbuilding  and  Repair  Industry  of  the 
United  States  1976,  by  the  Coordinator  of  Shipbuilding,  Conversion  and 
Repair,  Department  of  Defense  (DD  - I & L (A)  1141),  are  all  excellent 
summaries  of  the  industry  and  the  nature  of  its  work. 

(1)  U.S.  Shipbuilding  Is  A Moderate  Sized  Industry  And  Is 
Not  A Major  Factor  In  The  World  Export  Market 

Virtually  all  commercial  tonnage  constructed  in  the  United 
States  is  for  U.S.  flag  operation,  either  under  financial  aid  programs 
or  under  the  protection  of  cabotage  laws  which  specify  all  inter- 
coastal  and  non-contiguous  traffic  must  move  in  domestically  built 
ships.  The  industry's  consistently  largest  customer  has  been  the 
U.S.  Navy.  In  addition,  most  U.S.  owners  desire  specially  designed 
ships.  As  a result,  many  yards  have  a greater  capability  to  build 
one-of-a-kind  of  the  more  sophisticated  ships  than  for  mass-production 
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as  is  more  common  abroad. 


U.S.  shipyards  are  normally  unable  to  compete  in  the  inter- 
national market.  Only  during  critical  periods,  such  as  the  closing 
of  the  Suez  Canal,  when  foreign  yards  were  unable  to  accept  new 
tanker  orders,  did  the  U.S.  enter  the  export  market.  Similarly, 
in  the  late  1960's  and  early  1970's,  the  advanced  technology  in  the 
design  and  construction  of  oil  drilling  rigs  and  off-shore  supply  boats 
enabled  the  U.S.  yards  to  build  these  for  export.  The  foreign  ship- 
yards have  since  acquired  this  expertise  and  these  marine  platforms 
and  vehicles  are  now  competitively  built  abroad.  There  has  been  a 
recent  increase,  however,  in  the  sale  of  U.S.  built,  sophisticated 
naval  ships  to  foreign  nations,  such  as  Saudi  Arabia,  Australia  and 
others. 


The  industry  is  defined  by  the  Standard  industrial  Classific- 
ation Manual  (SIC  Code  3731)  as: 


"Establishments  primarily  engaged  in  building 
and  repairing  all  types  of  ships,  barges  and 
lighters,  whether  propelled  by  sail  or  motor 
power  or  towed  by  other  craft.  This  industry 
also  includes  the  conversion  and  alteration 
of  ships.  Establishments  primarily  engaged 
in  fabricating  structural  assemblies  or  compon- 
ents for  ships,  or  subcontractors  engaged  in 
ship  painting,  joinery,  carpentry  work, 
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electrical  wiring  installations,  etc.  are  classified 
in  other  industries.  " 

(NOTE:  Boat  building  and  repairing  are  excluded  and  are 
in  a separate  category,  SIC  Code  3732.) 

As  of  March  1,  1977,  private  shipyards  employed  175,500 
workers  and  U.S.  Naval  Shipyards  employed  67,500  workers. 

Table  A. 9 shows  various  production  trends  for  the  industry  over  the 
past  1 1 years. 

U.S.  shipyards  are  becoming  increasingly  dependent  upon 
naval  shipbuilding  work,  especially  with  the  current  reduction  in 
commercial  shipbuilding  backlogs.  Historically,  most  yards  have 
concentrated  on  either  commercial  or  naval  work  with  a preference 
for  commercial  work.  Others  will  combine  these  programs  as  a 
means  of  maintaining  labor  continuity  and  lower  overhead.  Dual 
programs  usually  require  additional  work  skills  and  separate  manage- 
ment teams  which  increase  costs  and  add  complications. 

Such  yards  as  Newport  News  and  General  Dynamics- Electric 
Boat  are  involved  in  the  construction  of  complex  nuclear  naval  ships 
with  Newport  News  also  undertaking  major  commercial  construction. 
Ingalls/Litton,  formerly  involved  in  building  nuclear  submarines, 
is  now  emphasizing  the  construction  on  non-nuclear  destroyers  (DD) 
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SHIPBUILDING  AND  SHIP  REPAIR;  TRENDS  AND  PROJECTIONS  1967-1977 
(In  Millions  of  Dollars  Except  As  Noted) 
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SOURCE:  Bureau  of  Census,  Bureau  of  Labor  Statistics,  MarAd,  Shipbuilders  Council  of  America 


and  amphibious  assault  ships  (LHA).  Yards  such  as  Todd  and  Bath 
are  constructing  a mix  of  commercial  and  naval  ships  with  an 
historic  preference  for  naval  ships. 

Others  such  as  Avondale,  Bethlehem,  NASSCO  and  General 
Dynamics  (Quincy)  have  built  or  are  building  both  types,  but  usually 
appear  to  prefer  commercial  work  when  available.  On  the  other 
hand,  Sun,  Seatrain  and  the  large  Great  Lakes  shipyards  have  in- 
dicated little  interest  in  naval  ships.  In  the  overall,  the  type  of 
ship  construction  being  undertaken  will  depend  upon  the  availability 
of  work,  hence  the  shipbuilding  industry  is  highly  dependent  upon  a 
continuity  of  military  work  and  subsidized  construction. 

The  U.S.  shipyard  value  of  yearly  unfinished  new  construction 
work  on  merchant  ships  (1,000  gross  tons  and  larger)  and  naval  ships 
(1,000  light  displacement  tons  and  larger),  as  of  January  1,  1977, 
is  shown  in  Table  A . 10.  The  value  of  yearly  unfinished  work  has 
grown  from  $2.3  billion  in  1967  to  $9.9  billion  in  1976,  with  a 
slight  anticipated  reduction  to  $9.7  billion  during  1977. 

The  Shipbuilders  Council  of  America  has  forecast  that  in  the 
January  1,  1977  to  December  31,  1981  period,  the  average  yearly 
U.S.  shipyard  revenues  (value  of  work  done  excluding  customer 
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TABLE  A.  10 


MERCHANT  AND  NAVAL  VESSELS 
BUILDING  OR  ON  ORDER  IN  PRIVATE  U . S.  SHIPYARDS 

Ships  of  1 ,000  Gross  Tons  and  Larger 

(As  of  January  1,  1977) 

(Dollars  in  Millions) 


Year 

Merchant  Vessels 
Value  of 
Unfinished  Work 

Naval  Vessels 

Value  of 
Unfinished  Work 

Total  Value  of 
Unfinished  Work 

1967 

$ 543 

$1,751 

$2,294 

1968 

788 

1,649 

2,437 

1969 

800 

1,700 

2,500 

1970 

765 

1,719 

2,484 

1971 

765 

1,925 

2,690 

1972 

1,058 

2,225 

3,283 

1973 

2,950 

3,160 

6,110 

1974 

3,770 

3,603 

7,373 

1975 

4,350 

5,424 

9,774 

1976 

3,400 

6,500 

9,900 

1977 

2,930 

6,802 

9,732 

SOURCE:  Shipbuilders  Council  of  America 
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furnished  material  and  nonship  products)  will  come  within  the 
following  ranges: 


Estimated  Annual  Average  (Millions  of  Dollars) 
MERCHANT  FLEET 


Ship  Construction  Low  High 

Tankers  $ 250  $ 420 

LNG  Carriers  160  250 

Dry  Cargo/Other  Oceangoing  Ships  65  235 

Small  and  Nonpropelled  Ships 

(including  barges)  420  580 

Great  Lakes  Ships  80  100 

Ship  Repair  & Conversion  500  800 

Subtotal  $1,475  $2,385 

NAVAL  FLEET 


Ship  Construction  & Conversion  $1,900  $2,300 

Ship  Repair  & Alteration  650  850 

Subtotal  $2,550  $3,150 

OTHER  SHIPWORK 

Offshore  Drilling  Units  (including 

production  platforms)  50  150 

U.S.  Coast  Guard,  Corps  of  Engineers, 

Fisheries,  etc.  80  200 

Subtotal  $ 130  $ 350 

Aggregate  Total  $4,155  $5,885 
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(2)  Averoge  Employment  In  Private  Yards  Has  Increased  28  Per- 
cent Between  1 971  — 1976^  Reflecting  The  Higher  Level  Of 
Ship  Construction  Activity- 

The  impact  of  the  Merchant  Marine  Act  of  1970  and  the 
larger  naval  building  program  is  found  in  shipyard  employment  data. 
Table  A.  11  indicates  employment  over  the  past  several  years  in  major 
private  shipyards  throughout  the  five  shipbuilding  regions  in  the 
United  States.  Increases  in  average  shipyard  employment  have  been 
significant  over  the  past  five  years,  particularly  in  light  of  general 
stagnant  economic  trends  during  this  period.  The  greatest  increase 
(31  percent  between  1971-76)  has  taken  place  in  East  Coast  shipyards. 

Naval  shipyard  employment  is  shown  in  Table  A.  12.  Em- 
ployment levels  started  a decline  in  1969  which  continued  through 
1973  and  have  remained  relatively  steady  since  then.  The  figures 
reflect  the  closing  of  two  shipyards  and  the  cessation  of  new  naval 
ship  construction.  The  eight  remaining  Naval  Shipyards  are 
presently  confined  to  the  overhaul  and  conversion  of  naval  ships 
which  represents  about  two-thirds  of  the  total  yearly  Navy  ship 
repair  and  conversion  budget,  with  the  balance  allotted  to  com- 
mercial shipyards. 
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TABLE  A.  11 


AVERAGE  PRIVATE  SHIPYARD  EMPLOYMENT  1966-1976 

(in  thousands) 


Year 

Total 

North 

Atlantic 

South 

Atlantic 

Gulf 

Pacific 

Great  Lakes 
& Inland 

1966 

143.6 

52.6 

24.8 

35.6 

20.7 

9.9 

1967 

140.0 

48.4 

26.1 

34.8 

20.7 

10.0 

1968 

141.0 

46.2 

27.0 

36.5 

22.4 

8.9 

1969 

142.0 

45.8 

26.0 

37.6 

25.2 

7.4 

1970 

132.7 

43.6 

23.2 

38.8 

20.3 

7.6 

1971 

130.6 

40.4 

23.3 

43.2 

16.4 

7.3 

1972 

138.1 

39.3 

28.9 

46.6 

15.7 

7.6 

1973 

143.9 

39.5 

29.8 

48.7 

16.9 

8.9 

1974 

154.9 

44.7 

27.7 

48.9 

22.8 

9.7 

1975 

153.6 

49.2 

25.4 

45.0 

24.9 

9.2 

1976 

166.8 

56.9 

26.5 

45.2 

26.6 

11.6 

SOURCE: 

Shipbuilders 

Council 

of  Ameri 

ca. 

Statistical  Quarterly,  First  Quarter 
1977 
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TABLE  A.  12 


NAVAL  SHIPYARD  AVERAGE  EMPLOYMENT 
(All  Employees  in  Thousands) 


Year 

Bos  ton  ' ^ 

Total  Portsmouth,  Philadelphia 

Norfolk, 

Charleston 

San  Francisco 
Puget  Sound 
Los  Angeles 
Pearl  Harbor 

1966 

85.4 

25.5 

19.3 

40.6 

1967 

94.5 

27.8 

21.5 

45.2 

1968 

95.2 

28.5 

21.7 

45.0 

1969 

91.0 

27.6 

20.6 

42.8 

1970 

83.0 

24.4 

19.1 

39.5 

1971 

75.5 

20.8 

18.5 

36.2 

1972 

70.1 

18.7 

17.7 

33.7 

1973 

64.5 

16.1 

17.3 

31.1 

1974 

64.4 

13.7 

18.5 

32.2 

1975 

64.6 

13.4 

18.6 

32.6 

1976 

65.4 

13.7 

18.9 

32.8 

1977 (Mar.)  67.5 

14.2 

19.5 

33.8 

(1)  Hunter's  Point  closed  June  29,  1974  and 
Boston  closed  July  1,  1974. 

SOURCE:  Shipbuilders  Council  of  America,  Statistical 
Quarterly,  First  Quarter  1977,  Bureau  of 
Labor  Statistics 
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(3)  Over  The  Past  Ten  Years,  Material  And  Wage  Escalation  Has 

Been  A Major  Factor  In  Driving  Up  U.S.  Shipbuilding  Costs" 

In  the  period  of  1967  through  1976,  U.S.  shipbuilding  and 
ship  repair  average  hourly  earnings  have  increased  from  $3.44  to 
$6.01  per  hour,  or  a total  of  74  percent  (see  Table  A .2).  The  annual 
rate  of  increase  has  been  accelerating  during  the  1974  to  1976  per- 
iod. These  hourly  earnings  do  not  include  fringes  which  have  been 
increasing  at  twice  the  annual  rate  of  earnings.  Fringes  over  the 
past  six  years  in  a major  U.S.  shipyard  had  a compounded  average 
growth  of  13.8  percent  per  year  as  compared  to  6.3  percent  for 
direct  labor  pay.  In  1975,  they  averaged  35  percent  of  the  annual 
pay  of  direct  employees. 

Shipbuilding  materials,  as  measured  by  the  weighted  BLS 
shipbuilding  material  index,  have  also  increased  at  a high  rate  in 
the  same  1967-1976  period.  This  index  increased  95 
percent, which  is  higher  than  the  82  percent  increase  in  the  whole- 
sale industrial  price  index  over  the  same  period  and  considerably 
higher  than  the  consumer  price  index  (see  Table  A .13).  The  Navy 
advises  that  ship  components  and  certain  materials  have  increased  at 
a rate  greater  than  the  BLS  material  index.  This  is  partly  borne  out 
by  the  Iron  and  Steel  (Group  10-1)  Index  which  increased  116  percent 
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TABLE  A.  13 


MATERIAL  COST  INDICES 
(Average  for  Year) 


Year 

Wholesale  Price 

Iron  & Steel  ^ 

Shipbi 

BLS 

uilding  Materia 

Index 

Percent 

Yearly 

Increase 

Index 

Percent 

Yearly 

Increase 

Index 

Percent 

Yearly 

Increase 

1967 

100.0 

100.0 

100.0 

1968 

102.5 

2.5 

101.9 

1.9 

102.2 

2.2 

1969 

106.0 

3.4 

107.0 

5.0 

106.5 

4.2 

1970 

110.0 

3.8 

•115.1 

7.8 

113.4 

6.5 

1971 

114.0 

3.6 

121.8 

5.8 

118.9 

4.9 

1972 

117.9 

3.4 

128.4 

5.4 

123.3 

3.7 

1973 

125.9 

6.8 

136.2 

6.1 

128.9 

4.5 

1974 

153.8 

22.2 

178.6 

31.0 

159.6 

23.8 

1975 

171.5 

11.5 

201.1 

12.6 

182.9 

14.6 

1976 

182.3 

6.3 

215.9 

7.3 

195.0 

6.6 

Increase 

1967-76 

82.3% 

115.9% 

95% 

Average 

Annual 

Growth 

6.9% 

8 .0% 

7.7% 

(1)  Group  10-1  of  Wholesale  Price  Index 

(2)  BLS  Weighted  Shipbuilding  Index  used  for  contract  escalation 


SOURCE:  Bureau  of  Labor  Statistics 
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over  1967-1976.  The  overage  annual  growth  rate  for  the  Whole- 
sale Price  Index  was  6.9  percent,  the  Iron  and  Steel  Index  was  8.0 
percent,  and  the  BLS  Index  was  7.7  percent.  This  shows  1974  and 
1975  as  being  critical  material  inflation  years. 

The  Maritime  Administration  in  its  Reports  to  Congress  on 
"Relative  Cost  of  Shipbuilding  in  the  Various  Coastal  Districts  in 
the  United  States"  for  1973,  1974,  1975,  1976  and  1977  has  estab- 
lished basic  costs  of  an  89,000  DWT  tanker  for  yearly  comparisons. 

In  this  five  year  period,  it  was  estimated  that  shipbuilders'  costs 
had  increased  86  percent.  The  cost  of  ship's  steel  had  increased 
68.1  percent.  Total  ship  material  costs  increased  approximately  95 
percent,  with  an  annual  growth  rate  of  18.5  percent,  which  is 
considerably  greater  than  any  of  the  aforementioned  indices.  A 
comparison  of  the  various  material  growths  over  the  past  five  years 
indicates  the  following: 


Increase 

1972-1976 

Average 
Annual 
Growth  Rate 

1976 

Growth 

Rate 

MarAd  Material  Increase 
(FY  1973-1977) 

95.0% 

18.5% 

6.5% 

Wholesale  Price  Index 

54.6% 

10.9% 

6.3% 

Iron  and  Steel  Index  (10-1) 

68.1% 

13.6% 

7.3% 

BLS  Material  Index 

57.0% 

11.4% 

5.8% 
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Thus,  most  shipbuilding  materials  are  increasing  at  a greater  rate 
than  indicated  by  both  the  Wholesale  Price  and  BLS  Material  Indices. 

During  the  critical  inflationary  period,  the  term  double-digit 
was  a misnomer  by  implying  inflation  somewhat  in  excess  of  ten 
percent.  In  reality,  many  selected  materials  increased  inordinately 
in  one  year.  The  impoct  of  this  inflationary  period  on  the  ship- 
building industry  has  been  understated  and  underestimated.  Its  impact 
is  still  being  felt  in  current  prices  of  ships. 

(4)  New  Commercial  Ship  Construction  Orders  In  The  U.S.  Are 

Dropping  From  The  1974-1976  High  Period 

As  of  January  1,  1977  there  were  71  merchant  ships  (1000 
gross  registered  tons(grt)  or  larger)  on  order  or  under  construction 
totaling  4,200,923  grt,  most  of  which  are  being  constructed  with 
government  financial  assistance.  This  is  a reduction  from  96  ships 
totaling  5,064,01 1 grt  two  years  earlier.  All  things  considered, 
however,  the  merchant  shipbuilding  program  has  expanded  consid- 
erably under  the  revised  Merchant  Marine  Act  of  1970.  In  addition, 
the  average  size  of  ships  built  in  the  U.S.  has  materially  increased, 
due  basically  to  the  construction  of  larger  tankers.  At  present  many 
shipyards  are  working  off  their  backlog^ and  the  orderbook  as  of 
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January  1,  1977  has  decreased  considerably  from  the  1975  peak. 

The  present  highly  competitive  nature  of  dry  and  bulk  cargo 
shipping  has  forced  down  charter  rates  and  many  U.S.  operators  are 
hesitant  to  expand  or  replace  their  fleets  at  this  time,  other  than 
those  engaged  ip  carrying  oil  in  the  coastal  trades.  There  are,  at 
present,  considerable  government  appropriated  subsidy  funds  avail- 
able from  prior  budget  years,  with  only  limited  operator  interest. 
Enactment  of  cargo  preference  laws  would  result  in  additional  commercial 

ship  construction,  depending  upon  the  percentage  of  cargo  to  be 
carried  in  the  U.  S.  flag  built  vessels. 

U.S.  Merchant  shipbuilding  trends  in  the  1966-1977  period 
are  shown  in  Table  A.  14. 

(5)  More  Than  Half  Of  New  United  States  Construction  Is  For 

Naval  Ships 

As  of  January  1,  1977,  the  U.S.  private  yards  had  on  order 
or  under  construction  88  Naval  ships  (1000  light  displacement  tons 
and  over)  totaling  712,000  light  displacement  tons  (Idt).  Compar- 
able figures  on  January  1,  1976  were  76  ships  of  690,000  Idt.  The 
Naval  shipbuilding  program  has  been  greatly  increased  for  Fiscal 
Year  1978,  and  it  would  appear  to  assume  a continuation  at  this 
high  rate  over  the  next  few  years.  These  programs  should  utilize 
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TABLE  A.  14 


MERCHANT  VESSELS  BUILDING  OR  ON  ORDER  IN  PRIVATE  SHIPYARDS 

Ships  Of  1,000  Gross  Tom  And  Larger 

(as  of  January  W77) 

Approximate  Value 


Year 

Number  of  Ships 

Tons  in  Thousands 

of  Unfinished  Work 

(grt) 

(Dollars  in  Thousands) 

1966 

45 

551 

501,000 

1967 

48 

634 

543,000 

1968 

64 

1,221 

788,000 

1969 

63 

1,506 

800,000 

1970 

49 

1,399 

765,000 

1971 

49 

1,609 

765,000 

1972 

59 

1,819 

1,058,000 

1973 

88 

2,  879 

2,950,000 

1974 

97 

4,010 

3,770,000 

1975 

96 

5, 064 

4,350,000 

1976 

79 

4,649 

3,400,000 

1977 

71 

4,200 

2,930,000  ' V 

(1)  Estimated 

SOURCE:  Shipbuilders  Council  of  America 
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some  of  the  surplus  capacity  becoming  available  through  the  present 
reduction  of  commercial  shipbuilding  orders.  However,  enactment 
of  cargo  preference  legislation  would  limit  the  number  of  potential 
yards  interested  in  undertaking  naval  construction. 

Table  A.  15  indicates  the  trend  of  Naval  shipbuilding  in  the 
U.S.  since  1966,  as  well  as  the  approximate  value  of  unfinished 
work  for  each  year. 

The  number  of  ships  and  tonnage  does  not  necessarily  reflect 
the  complexities  of  the  programs.  Naval  ships  may  be  relatively 
small  in  terms  of  tonnage,  yet  require  high  cost  equipment  and 
considerable  skilled  shipyard  labor,  hence  resulting  in  a very  high 
cost  per  ton  per  ship. 

(6)  Naval  Ships  Are  Considerably  More  Complicated  Than 

Commercial  Ships  And  Therefore  Require  Greater  Tech- 

nical And  Industrial  Skills 

Design  and  construction  of  naval  ships  is  more  complex  than 
for  commercial  ships.  The  technologies  and  skills  used  in  con- 
struction of  normal  merchant  ships  usually  include  the  following: 

. Naval  architecture 

. Marine  engineering 
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TABLE  A.  15 


NAVAL  VESSELS  BUILDING  OR  ON  ORDER  IN  PRIVATE  SHIPYARDS 

Ships  Of  1 

,000  Light  Displacement  Tons  And  Larger 

(as  of  January  1,  1977) 

Approximate  Value 

Year 

Number  of  Ships  Tons  in  Thousands 

of  Unfinished  Work 

(Idt) 

(Dollars  in  Thousands) 

1966 

106 

573 

1,387,000 

1967 

147 

745 

1,751,000 

1968 

134 

686 

1,649,000 

1969 

133 

701 

1,700,000 

1970 

108 

621 

1,719,000 

1971 

82 

588 

1,925,000 

1972 

64 

529 

2,225,000 

1973 

57 

520 

3,160,000 

1974 

56 

526 

3,603,000 

1975 

63 

659 

5,424,000 

1976 

76 

690 

6,500,000 

1977 

88 

712 

6,802, 000(1) 

(1)  Preliminary 

SOURCE:  Shipbuilders  Council  of  America 
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. Electrical  and  electronic  engineering 

. Allied  engineering  fields 

. Steel  fabrication  and  erection 

. Machinery  assembly  and  installation 

. Electrical,  electronic,  navigational  equipment 

installation  and  interconnection 

. Piping  system  installation 

. Joinery  and  carpentry  in  crew  quarters  and  work 

spaces 

. Outfitting 

. Coating  specialists 

Naval  ships  are  broadly  divided  into  support  or  auxiliary 
ships  and  combatant  ships.  In  general  terms,  support  ships  resemble 
merchant  ships,  with  the  addition  of  some  special  features  inherent 
in  combatant  ships.  The  most  complex  ships  are  in  the  combatant 
category  which  require  many  skills  well  in  excess  of  those  usually 
encountered  in  a strictly  commercial  yard  or  yards  constructing  only 
naval  auxiliary  ships.  Depending  upon  the  ship  type  (DD's,  CV's, 
SSN's,  LHA's,  AD's,  AOR's,  etc.),  the  added  technologies  and 
skills  over  those  required  for  commercial  ships  could  include: 

. More  refined  naval  architecture 

. Ship  silencing  and  shockproofing 
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. Specialized  electronic  and  weapon  engineering 

. Nuclear  engineering 

. Higher  degree  of  planning 

. Installation  of  more  complex  machinery 

. Integration,  installation  and  interconnection  of 

electronic  and  weapon  equipment 

. More  extensive  checkout,  testing  and  quality  control 

. Integration  and  installation  of  avionic  equipment  and 

aircraft  landing  and  recovery  equipment 

. Special  qualifications  in  assembly  and  joining  of 

pressure  hull  materials 

. Extensive  metallurgical  engineering 

. Fabrication,  installation  and  welding  of  materials 

for  nuclear  systems 

A significant  portion  of  the  naval  ship  cost  is  represented  by 
Government  Furnished  Material  (GFM)  such  as  weapons,  communi- 
cation system,  propulsion  systems,  special  machinery,  etc.  In 
oddition  to  group  procurement  cost  saving,  these  are  frequently  long 
lead  items,  or  those  that  require  some  degree  of  technological 
development.  Thus  they  may  be  ordered  well  in  advance  of  awarding 
the  ship  construction  contracts.  Notwithstanding  long  range  GFM 
procurement  planning,  it  is  sometimes  desirable  to  make  equipment 
changes  during  planning  and  on  occasion  during  construction. 
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5. 


COSTS  OF  SHIP  CONSTRUCTION  WORLDWIDE  HAVE  SHOWN 
MARKED  INCREASES  OVER  THE  PAST  TEN  YEARS 


International  shipbuilding  labor  and  material  costs  have  risen  signifi- 
cantly over  the  past  ten  years,  and  depending  upon  the  market  conditions  and 
degree  of  governmental  direct  and  indirect  support,  the  price  of  ships  will 
continue  to  increase  over  the  foreseeable  future.  Furthermore,  these  price 
increases  are  not  always  uniform,  which  affects  the  competitive  balance  among 
world  shipbuilders. 

(1)  Inflation  In  Labor  And  Material  Has  Been  A Major  Cost  Driver 
For  Ship  Construction 

As  shown  in  Table  A.  16,  Swedish  labor  costs  are  now  the  high- 
est in  the  world,  surpassing  those  in  United  States  shipyards.  Labor 
costs  in  Japan,  Germany,  Netherlands  and  United  Kingdom  have  also 
risen  substantially,  especially  since  the  1970's,  which  reflect  varying 
exchange  rates  and  inflationary  trends  over  the  past  few  years.  During 
the  period  of  1966  through  June  1976,  U.S.  average  hourly  earnings 
in  shipbuilding  and  repair  yards  have  increased  about  74  percent, 
whereas  hourly  earnings  (in  dollars)  in  Sweden,  Netherlands,  United 
Kingdom  and  Japan  have  increased  between  172  to  406  percent. 
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TABLE  A. 16 


AVERAGE  HOURLY  EARNINGS  IN  MAJOR  SHIPBUILDING  COUNTRIES 

1967-1976 
(in  U . S . dollars*) 


United  United  West 


Year 

States 

Sweden 

Kingdom 

Japan 

Netherlands 

Germany 

1967 

3.44 

2.45 

1.16 

0.75 

1.12 

1.31 

1968 

3.58 

2.58 

1.27 

0.80 

1.21 

1.35 

1969 

3.81 

2.82 

1.40 

0.90 

1.32 

1.62 

1970 

3.96 

3.11 

1.57 

1.07 

1.49 

1.80 

1971 

4.12 

3.40 

1.85 

1.25 

1.81 

2.12 

1972 

4.36 

4.19 

2.01 

1.49 

2.17 

2.51 

1973 

4.61 

4.95 

2.33 

2.00 

2.81 

3.36 

1974 

4.98 

5.44 

2.72 

2.64 

3.44 

3.87 

1975 

5.51 

6.41 

3.43 

3.24 

4.20 

4.33 

1976 

6.01 

7.05 

3.16 

4.05 

4.33 

4.42 

Percent 

Increase 

1967-76  74 

187 

172 

406 

286 

237 

* Does  not  include  fringes 

SOURCE:  Bureau  of  Labor  Statistics  — Foreign 
Comparison  Branch 
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U.S.  News  and  World  Report  in  its  July  18,  1977  issue 


comments  on  soaring  wage  scales  as  follows: 


"Soaring  wage  scales,  big  fringe  benefits  boost  hourly  labor 
costs . Chase  Econometrics  figures  for  1977:  Sweden,  $9.38; 
Belgium,  $8.71,  with  Americans,  once  the  highest  paid,  in 
third  place  at  $8.48,  followed  by  Holland's  $8.05. 

Belgians  are  expected  to  take  the  lead  in  1978  and  keep  it 
through  1980.  By  then,  the  U.S.  will  have  slipped  to  fourth 
place.  Decade's-end  forecast  — Belgium,  $11.87;  Sweden, 
$10.75;  Netherlands,  $10.68;  the  U.S.,  $10.23. 

The  upswing  in  Belgian  and  Dutch  labor  rates  is  due  to  esca- 
lator pacts  that  tie  wages  to  rising  living  costs.  Figures 
published  by  the  European  Common  Market  Commission  show 
Belgium's  labor-unit  costs  between  1973  and  1976  hurtling 
upward  almost  twice  as  fast  as  in  the  U.S.  or  West  Germany. 


Material  costs  have  also  been  affected  by  inflationary  pressures. 
Table  A.  17  indicates  that  major  shipbuilding  countries  have  had 
wholesale  industrial  price  increases  in  the  range  of  54  to  87  percent 
over  the  past  ten  years.  Most  of  these  increases  occurred  in  the  1971  - 
1975  period,  with  West  Germany  and  Netherlands  showing  the  least 
material  inflation  and  the  United  States'  increases  being  of  similar 
magnitude  to  those  of  Japan,  Norway,  Sweden  and  France. 


Inflationary  labor  and  material  costs  must  be  borne  by  the 
shipyard  and  have  driven  the  upsurge  in  ship  prices  witnessed  in  recent 
years.  The  Maritime  Administration  Annual  Report  to  Congress  on  the 
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TABLE  A.  17 


WHOLESALE  INDUSTRIAL  PRICE  INDEX 
(1966-1976) 


Nether- 


Country 

France 

Germany 

JaDan 

lands 

Norway 

Sweden 

U.S. 

Base  Year 
= 100 

1962 

1970 

1970 

1970 

1961 

1968 

1967 

1966 

110.2 

90.3 

92.7 

95 

112 

103 

98.5 

1967 

109.2 

89.4 

93.8 

96 

113 

101 

100.0 

1968 

107.4 

92.8 

94.1 

98 

115 

100 

102.5 

1969 

118.9 

95.0 

95.9 

96 

120 

104 

106.0 

1970 

127.8 

100.0 

100.0 

100 

129 

112 

110.0 

1971 

130.5 

104.3 

98.9 

104 

129 

114 

114.0 

1972 

136.5 

107.0 

99.7 

no 

133 

119 

117.9 

1973 

156.6 

114.1 

114.8 

117 

147 

133 

125.9 

1974 

202.2 

129.4 

147.3 

129 

179 

165 

153.8 

1975 

190.8 

135.5 

149.6 

135 

187 

178 

171.4 

1976 

204.8 

140.8 

156.8 

146 

201 

193 

182.3 

Percent 

Increase 

1966-75 

86 

56 

69 

54 

79 

87 

85 

Percent 

Increase 

1971-76 

57 

35 

58 

40 

56 

69 

60 

SOURCE:  Bureau  of  Labor  Statistics 
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Relative  Cost  of  Shipbuilding  in  the  Various  Coastal  Districts  of  the 
United  States  indicates  that  the  base  cost  to  a shipyard  of  constructing 
an  89,000  DWT  commercial  tanker  in  an  East  Coast  shipyard  has  risen 
from  $25  million  (without  profit  and  escalation)  as  of  June  1973  to 
$46.5  million  (without  profit  and  escalation  ) as  of  June  1977.  This  is 
an  increase  of  86  percent  over  a four  year  period. 

A United  Kingdom  trade  journal,  Fairplay  International  Shipping 
Weekly,  has  over  many  years  estimated  the  cost  of  constructing  a 
standard  15-knot  austere  general  cargo  ship  of  13,000  DWT.  In  a five 
year  period,  the  cost  has  increased  approximately  200  percent. 

(2)  Increased  Ship  Complexity  Has  Also  Added  To  Overall  Costs 

Cost  increases  in  acquiring  new  ship  tonnage  have  also  resulted 
from  numerous  improvements  necessary  to  meet  present  day  operating 
requirements  and  competition.  Typical  of  these  cost  drivers  are: 

. mechanization 

. single  room  crew  berthing  and  overall  improvement 

in  accommodations 

. higher  power  and  speed 

. maintenance  reducing  features  such  as  improved 

coatings,  special  materials,  etc. 

. ship  construction  features  for  added  safety  and  pollution 

abatement 
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modem  safety  and  navigational  equipment 
more  efficient  cargo  handling  equipment 
EPA  and  OSHA 


Similar  cost  drivers  have  also  affected  naval  ship  prices,  plus  the  added 
costs  of  improved  weapons  systems. 


(3)  Market  Condition  Has  A Great  Impact  On  Final  Price 
Determination 


Actual  selling  prices  are  not  always  related  to  cost,  but  strongly 
reflect  market  and  other  shipyard  business  conditions.  Some  of  the  more 
significant  factors,  other  than  actual  cost,  affecting  ship  price  deter- 
mination are: 


market  conditions 
need  for  new  work 

degree  of  direct  and  indirect  government  assistance 

future  follow-ship  opportunities 

customer  relationships 

competition 

risks  of  escalation 

currency  exchange  rates 


Evidence  of  this  is  found  in  the  fluctuating  price  structure  of  the 
popular  60,000  DWT  "Panamax"  Bulk  Carriers,  which  are  capable  of 
transiting  the  Panama  Canal  under  full  load.  Table  A. 18  indicates 
price  trends  of  these  ships  being  constructed  in  Japan  during  1966 
through  1976,  with  international  competition  reflected  in  the  $300  per 
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TABLE  A.  18 


TRENDS  IN  JAPANESE  SHIPBUILDING  PRICES 
For  60,000  DWT  "Ponomax"  Bulk  Carriers 


Year 

$/DWT 

Year 

S/DWT 

1968 

$ 125 

1973 

$ 225 

1969 

150 

1974 

325 

1970 

185 

1975 

375 

1971 

175 

1976 

300 

1972 

175 

SOURCE:  Trade  Journals 
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DWT  price  in  1976.  When  related  to  labor  and  material  inflation 
trends,  the  drop  in  ship  prices  appears  unrealistic.  European  ship- 
builders are  accusing  the  Japanese  of  dumping  ships  on  the  international 
market  at  below  construction  costs. 

As  shown  in  Table  A.  18,  the  price  of  the  "Panamax"  Bulk 
Carrier  was  considerably  less  in  1976  than  in  1975,  despite  increases 
in  labor  and  material  costs.  In  a seller's  market,  many  international 
shipyards  have  made  tremendous  profits,  often  to  be  followed  by  retrench- 
ments in  a buyer's  market. 

(4)  Ship  Prices  Are  Also  Affected  By  Direct  And/Or  Indirect 

Assistance  Programs  Of  Various  Governments 

Government  financial  assistance  to  the  maritime  industry  is 
pervasive  in  the  international  shipbuilding  community.  This  direct  and 
indirect  assistance  varies  in  magnitude.  This  issue  of  these  aids  has 
been  discussed  in  several  international  bodies. 

The  government  aids  may  include  some  of  the  following  in 
varying  forms,  and  may  be  granted  to  ship  owners,  ship  operators, 
shipbuilders,  and  manufacturers  of  marine  materials  and  equipment: 

. Direct  ship  operating  subsidies  to  encourage  additional 

national  ship  construction 
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Direct  ship  construction  subsidies 
Obsolete  ship  trade-in  allowances 


Official  loan  guarantees  covering  a substantial 
portion  of  the  cost 

Loans  with  interest  at  less  than  commercial  rates  for 
domestic  and/or  export  sales 

Special  accelerated  depreciation  rates 

Tax-free  reserve  funds  used  for  new  ship  construction 

Government  sponsored  ship  replacement  program 

Military  ship  procurement,  conversion  and  repair 

Duty  free  imports  of  materials  and  equipment  for 
ship  construction 

Cargo  preference  schemes  for  national  flag  ships 

Material  price  controls  and  price  structuring 

Government  funding  of  marine  R & D 

Laws  requiring  construction  of  national  flag  ships  in 
domestic  yards  for  operation  in  nations'  foreign  and 
domestic  trade. 

Laws  specifying  that  materials  and  component  parts  for 
the  construction  of  ships  and  their  maintenance  and 
repair,  as  well  as  for  food,  stores  and  supplies  be 
purchased  within  the  ship  flag  country. 


Attempts  to  regulate,  standardize  or  abandon  this  assistance 
have  been  limited,  especially  as  each  of  the  competing  nations  is  faced 
with  a curtailment  of  its  shipbuilding  activities.  International  over- 
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production  has  been  known  and  anticipated  over  the  past  several  years. 
Notwithstanding,  the  major  countries,  including  Japan,  have  continued 
to  expand  facilities  and  have  been  unwilling  to  face  the  inevitable. 

Very  recently,  the  Japanese  government  has  agreed  on  a gradual 
reduction  of  shipbuilding  in  future  years.  In  addition,  new 
emerging  shipbuilding  countries  also  provide  forms  of  financial  assistance 
or  preferential  cargo  laws  in  the  hope  of  establishing  a future  self-sup- 
porting maritime  industry.  This  cannot  be  assured  and  may  well  result 
in  financial  loss  in  the  highly  competitive  international  maritime 
industry . 

6.  COST  ESTIMATING  DIFFICULTIES  HAVE  BEEN  EXPERIENCED  BY 
ALL  SHIPBUILDERS  DUE  TO  UNPREDICTABLE  MOVEMENTS  IN 
LABOR  AND  MATERIAL  COSTS 

As  was  discussed  in  the  preceding  section,  labor  and  material  costs 
in  ship  construction  have  been  increasing  significantly  over  the  past  decade. 

But  more  important  to  this  study  is  the  fact  that  the  rate  of  cost  growth  has 
not  been  consistent.  Many  shipbuilders  throughout  the  world  have  felt  the 
consequences  of  trying  to  make  accurate  cost  projections  in  a period  of 
erratic  shifts  in  the  cost  of  factor  inputs. 
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(1)  The  Relatively  Consistent  Growth  In  Labor  And  Material 

Costs  In  The  1960's  And  Early  1970's  Has  Been  Replaced 

By  An  Erratic  Pattern  Over  The  Past  Five  Years 

Labor  and  material  cost  in  the  major  shipbuilding  countries 
tended  to  exhibit  fairly  consistent  growth  patterns  between  1966- 
1972.  There  are  exceptions,  of  course.  But  perusal  of  Tables 
A.  16  and  A.  17  will  indicate  a relatively  predictable,  consistent 
pattern  of  increase  existed  during  this  period. 

Between  1972-74  both  material  and  labor  costs  took  a big 
jump  in  all  shipbuilding  countries.  Japanese  labor  costs,  for 
example,  increased  $1 .24  per  hour  during  this  period  — an  increase 
of  62  percent.  Material  costs  in  Japan  (as  reflected  by  the  whole- 
sale industrial  price  index)  increased  over  47  percent  during  the 
same  period.  Increases  of  similar  nature  were  experienced  by 
European  builders. 

(2)  The  Erratic  Pattern  In  Labor  And  Material  Costs  Has  Created 

Problems  In  Estimating  In  Japan 

According  to  a senior  cost  estimating  official  at  Kawasaki 
Heavy  Industries,  estimates  made  by  Kawasaki  prior  to  1973  "were 
generally  within  2-3  percent  of  the  final  price,  " But  the  unex- 
pected rise  in  labor  and  material  costs  in  the  period  immediately 
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following  the  "oil  shock"  resulted  in  estimates  "20  percent  under 
the  final  delivered  price."  According  to  this  official  they  had 
estimated  escalation  of  material  at  8-10  percent  annually  --  whereas 
actual  experience  was  a sudden  increase  of  30  percent  in  a one  year 
period  following  the  "oil  shock." 

Then  the  situation  reversed  itself.  In  an  attempt  to  take  the 
more  rapid  factor  cost  increases  into  account,  the  firm  "has  over- 
estimated recent  ships  by  10-12  percent."  They  had  not  anticipated 
the  sudden  leveling-off  in  both  labor  and  material  costs. 

The  situation  experienced  by  Kawasaki  is  graphically  shown 
in  Figure  A.  1 . 

As  a result  of  this  more  erratic  pattern,  Kawasaki  now  makes 
a thorough  in-house  review  of  economic  trends  every  three  months. 
This  forms  the  basis  for  cost  projections  for  estimating  purposes. 
Previously  it  was  considered  adequate  to  update  the  economic  review 
once  a year. 

An  official  at  Mitsubishi  reports  similar  experience  encoun- 
tered by  his  firm.  The  oil  shock  caused  a 20-30  percent  jump  in 
the  actual  cost  — whereas  the  estimate  was  based  on  a much  lower 
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FIGURE  A.l 


KAWASAKI  COST 
ESTIMATING  EXPERIENCE 


I960  1970 


SOURCE. 

INTERVIEW  WITH  FIRM  OFFICIAL 


1980 
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historical  trend  projection.  This  official  indicated  that  the  financial 
consequences  of  the  low  estimate  were  muted  by  the  fact  that  sub- 
stantial profit  margins  had  been  attached  to  estimates  made  in  the 
period  immediately  preceding  the  oil  shock.  "Losses  due  to  under- 
estimates would  have  been  much  greater  had  the  profit  cushion  not 
existed.  " 


IHI,  a major  Japanese  shipbuilder,  reports  in  its  1975  Annual 
Report  to  Shareholders  that: 


"A  characteristic  of  our  products  is  the  consider- 
able time  log  elapsing  between  receipt  of  an  order  and 
delivery  of  the  finished  article.  Thus,  while  deliveries 
made  on  orders  received  in  past  years  bolstered  our  turn- 
over, the  resulting  profits  were  squeezed  down  by  the 
23  percent  rise  in  wholesale  prices  that  came  after  the 
oil  crisis,  which  inflated  our  production  and  operating 
costs  beyond  all  expectations.  As  a result,  net  earnings 
decreased  by  18.5  percent  to  ¥ 6,800  million. 


Seatrade  Magazine  reported  in  late  1973  that  "Most  of  the 
larger  shipbuilders  in  Japan  have  decided  to  put  a freeze  on  the 
signing  of  new  contracts,  especially  for  large  ships.  This  is  because 
orderbooks  stretch  into  1978,  and  the  modem,  much  quickened  pace 
of  inflation  makes  it  extremely  difficult  to  calculate  profit  margins 
in  fixed -price  contracts."* 

I 

* Seatrade,  December  1973. 
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A more  recent  orticle  in  Zosen  provides  evidence  of  the 


over-estimates  that  followed  the  under-estimates  in  1974-75.  In 
reporting  the  1976  business  results  of  the  top  seven  shipbuilding 
companies,*  it  states  that  "whereas  the  combined  total  of  the 
seven's  gross  sales  represented  a gain  of  9.8  percent  over  the  fiscal 
1975  figures,  that  of  their  recurring  profits  jumped  45.1  percent." 
The  four  reasons  cited  for  this  improved  profit  performance  are: 


"Most  new  buildings  which  were  undertaken  with 
relatively  high  profit  margins  contracted  for  in  the  wake 
of  the  late  1973  oil  crisis  were  completed  and  entered 
into  fiscal  1976  earnings. 

"The  steep  inflationary  climb  in  the  prices  of 
building  materials  in  the  wake  of  the  oil  crisis,  which 
had  once  been  held  certain  to  last  for  a long  time  and 
thus  amply  woven  into  the  contract  prices  of  most  of  the 

fiscol  1976  newbuilding  deliveries,  begon  to  slocken 

rapidly  in  and  after  1975.  This  made  it  possible  for  the 
seven  to  buy  a large  amount  of  the  materials  needed 
for  these  jobs  at  unexpectedly  low  prices. 

"All-out  cost-saving  efforts  sustained  by  both 
their  shipbuilding  and  non-shipbuilding  branches 
through  personnel  cuts  and  work  rationalization  also 
helped  the  seven  lower  production  costs  appreciably. 

"The  business  climate  surrounding  non- 
shipbuilding activities  began  to  take  on  a favorable 
trend.  " ** 

* Mitsubishi,  IHI,  Mitsui  Zosen,  Hitochi  Zosen,  Kawasaki,  Sumitomo, 
and  Sasebo. 

**  Zosen,  July  1977.  Underlining  added. 


A -57 


Despite  the  fact  that  inaccurate  cost  estimating  is  currently 
generating  windfall  profits  — as  the  official  at  Kawasaki  sums  it 
up  — "cost  estimating  is  now  a big  problem  to  Japanese  builders.  " 
Their  ability  to  predict  future  costs  is  much  less  than  in  earlier  years. 

(3)  Unpredicted  Increases  In  Labor  And  Material  Costs  Have 

Affected  Original  Cost  Estimates  In  Other  Countries 

Examples  of  under  and  over  cost  estimating  in  Japan  are  cited 
above.  There  are  many  other  examples  in  other  shipbuilding  coun- 
tries where  the  cost  of  labor  and  material  took  an  unexpected  jump 
in  1973-74. 

Perhaps  a relevant  example  is  that  of  the  contract  for  the 
six  Mark  10  frigates  ordered  by  the  Brazilian  Navy  from  Vosper 
Thornycraft  in  the  U.K.  On  the  basis  of  designs  prepared  by  Vosper 
Thornycraft,  a contract  was  signed  in  September  1970  valued  at 
about -5-  100  million  for  six  ships. 

According  to  a recent  article,  "the  contract  provided  for 
adjustment  to  cover  increases  in  the  costs  of  labour  and  materials 
and  these,  together  with  subsequent  changes  in  the  specification 
have  resulted  in  the  present  value  of  the  contract  being  about  *5*  150 
million.  " * 

* Shipbuilding  & Marine  Engineering  International,  Jan. /Feb.  1977. 
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Another  example  is  the  7800  GRT  ferry,  St.  Columbia, 


ordered  by  British  Rail  from  Aalborg  Vaerft  in  Denmark.  Original 
cost  was  estimated  at  -5- 14  million  but  turned  out  to  cost  ■§■  19 
million.  * 

(4)  In  The  United  States  Shipbuilders  Hove  Been  Experiencing 

Great  Difficulty  In  Accurately  Estimating  Costs  --  For  Ships 
For  Less  Complex  Than  Naval  Combatants 

The  relatively  uncomplicated  merchant  shipbuilding  programs 
in  the  United  States  have  also  resulted  in  shipyard  overruns  and 
losses,  largely  due  to  the  yards'  inability  to  project  reasonable 
labor,  material  and  overhead  costs  during  the  recent  inflationary 
period.  The  numerous  and  continuing  shipyard  claims  being  made 
against  the  owners  demonstrate  the  effort  being  made  to  recoup 
losses  through  arbitration  or  the  courts. 

Review  of  shipyard  data  for  man-hours  to  complete  relatively 
simple  (i.e.,  compared  with  a navy  combatant)  merchant  ships 
indicates  a considerable  variance  between  estimated  and  actual 
hours.  The  variances  range  from  an  underestimate  of  nine  percent  to 
27  percent.  And  the  ships  involved  are  similar  designs. 

* Shipbuilding  & Marine  Engineering  International,  June  1977. 
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(5)  The  Financiol  Consequences  Of  Underestimated  Final  Costs 
Have  Been  Seriously  Felt  By  U.S.  Shipbuilders 


Dun's  Review  reports  in  mid-1974  on  the  impact  of  under- 
estimated costs  as  follows: 


"Avondale  had  a tough  year  in  1973,  points  out 
Leopoldo  Clemente,  an  analyst  for  Merrill  Lynch,  Pierce, 
Fenner  and  Smith,  because  they  underestimated  their  costs. 
But  all  of  these  contracts  have  since  been  renegotiated 
and  are  now  profitable. 

"Another  Merrill  Lynch  analyst  is  bearish  on 
General  Dynamics  shipbuilding  operation.  The  overall 
history  of  their  Quincy  (Massachusetts)  yard  has  been 
terrible,  he  points  out.  Their  cost  estimates  were  way 
off  and  neither  their  customers  nor  the  government  are 
willing  to  renegotiate  the  contracts.  So  the  company 
now  has  a claim  against  the  government  for  $200 
million.  " * 


The  1975  Annual  Report  to  Stockholders  of  Todd  Shipyards 
provides  further  indication  of  the  magnitude  of  the  problem  caused 
by  low  cost  estimates,  as  well  as  other  unanticipated  events: 


In  announcing  the  Government's  decision  to  extend 
a 90  percent  guarantee  of  a working  capital  loan,  the 
Acting  Secretary  of  Commerce  on  April  19,  1975  stated, 

"A  series  of  unfortunate,  unpredictable,  and 
uncontrollable  events  converged  in  late  1974 
and  early  1975  to  cause  Todd  Shipyards  un- 
precedented problems  and  a serious  drain  on 

* Dun's  Review,  May  1974.  Underlining  added. 
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its  working  capital." 

Events  occurring  in  late  1974  were  (a)  an  increase 
in  labor  and  material  costs  at  the  Los  Angeles  and  Seattle 
Divisions  at  a rate  double  that  of  the  overall  national 
average,  (b)  inability  to  obtain  materials  and  unpredictable 
deliveries  thereof,  (c)  failure  of  equipment  resulting  from 
deficient  vendor  quality  control  and  failure  to  meet 
specifications,  and  (d)  the  general  effect  of  the  embargo 
by  oil  exporting  nations.  * 


And  National  Steel  reports  it  has: 


"recorded  a loss  provision  of  $5,500,000  (after 
state  and  federal  income  taxes)  in  the  1976  first  quarter 
to  reflect  estimated  losses  to  be  incurred  in  the  com- 
pletion of  fixed  price  contracts  covering  ships  presently 
scheduled  for  delivery  in  1976,  1977  and  1978.  ** 


The  cost  to  complete  these  contracts  was  seriously  under- 
estimated — thus  the  provision  for  loss  on  a fixed  price  contract. 


* Todd  Shipyards,  Annual  Report  to  Stockholders,  1975.  Underlining 
added. 

**  Kaiser  Industries,  Shareholders  News,  first  quarter  1976. 
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7. 


SHIPBUILDING  IS  NOT  ALONE  — OTHER  INDUSTRIES  HAVE 
EXPERIENCED  SIMILAR  PROBLEMS  IN  MAKING  ACCURATE  COST 
ESTIMATES 

It  has  not  been cfemonstrated  that  the  greater  complexities  of  naval 
ship  construction  have  resulted  in  proportionately  larger  overruns  than  those 
in  most  major  civil  and  other  military  acquisition  programs  in  the  United 
States.  The  relatively  uncomplicated  merchant  shipbuilding  programs  in  the 
United  States  have  also  resulted  in  shipyard  overruns  and  losses,  largely  due 
to  the  yards'  inability  to  project  reasonable  labor,  material  and  overhead 
costs  during  the  recent  inflationary  period.  The  numerous  and  continuing 
shipyard  claims  being  made  against  the  owners  demonstrate  the  effort  being 
made  to  recoup  losses  through  arbitration  or  the  courts. 

A General  Accounting  Office  Report  to  Congress  of  January  18,  1977 
on  the  subject  of  "Financial  Status  of  Major  Acquisitions  as  of  June  30,  1976" 
indicates  that  753  civil  and  military  acquisitions  checked  had  an  original 
expected  cost  of  $276  billion  and  are  currently  e stimated  to  cost  $452  billion 
or  an  average  increase  of  64  percent.  This  compares  to  43  percent  overrun  for 
all  the  current  Department  of  Navy  programs.  An  analysis  of  those  agencies 
with  acquisition  programs  of  $1  billion  or  greater  indicates  the  following 
anticipated  increases  over  the  baseline  estimates: 
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TABLE  A.  19 


SELECTED  GOVERNMENT  DEPARTMENT  OVERRUNS 


Agency  Percent-  Increase 

Appalachian  Regional  Commission  580 

Department  of  Air  Force  49 

Department  of  Army  36 

Department  of  Navy  43 

Department  of  Army,  Corps  of  Engineers  1 1 

Bureau  of  Reclamation  72 

National  Park  Service  27 

Federal  Highway  Administration  160 

Federal  Railroad  Administration  0 

Urban  Mass  Transportation  Administration  9 

Energy  Research  and  Development  Administration  46 

Environmental  Protection  Agency  37 

National  Aeronautics  and  Space  Administration  24 

Tennessee  Valley  Authority  36 

Washington  Metropolitan  Area  Transit  Authority  121 


The  Report  states: 


"Unanticipated  development  difficulties,  inflation, 
faulty  planning,  poor  management  and  poor  estimating 
will  increase  the  costs  of  major  acquisitions.  Cost 
growth  cannot  always  be  prevented  or  anticipated, 
particularly  when  a project  is  in  development  and 
production  extends  over  long  periods." 
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I. 


SUMMARY  OF  RECENT  CRITICISM 


The  crux  of  the  criticism  leveled  at  the  Navy  and  its  "crisis  of  ship- 
building* are  CONTRACTOR  CLAIMS,  SCHEDULE  SLIPPAGE  and  COST 
GROWTH.  These  elements  require  the  Congress  to  authorize  and  appropriate 
large  additional  amounts  of  public  funds  to  complete  previously  authorized  and  funded 
programs.  "Under  existing  Ship  Construction  Navy(SCN)  budget  procedures,  the 
Navy  is  required  to  full-fund  all  existing  programs;  therefore,  when  cost 
growth  exceeds  previously  appropriated  funds,  for  whatever  reason,  additional 
funds  must  be  requested  or  programs  cancelled  to  meet  full-funding  require- 
ments. The  need  for  additional  funding,  coupled  with  a long  standing  recog- 
nition of  the  fact  that  a crisis  has  existed,  which  together  with  an  apparent 
lack  of  any  highly  visible  progress  towards  solution,  has  severely  damaged 
the  credibility  of  the  Navy.  This  has  generated  across-the-board  criticism 
of  all  aspects  of  Navy  ship  acquisition.  It  should  be  pointed  out  that  signi- 
ficant changes  have  been  made  in  many  areas  such  as  contracting,  claims 
settlement,  product  definition  and  in  the  management  of  GFE  and  GFI,  which 
are  designed  to  provide  ships  on  time  and  at  the  most  reasonably  obtainable 
cost . 

More  specifically,  criticism  is  found  in  all  quarters,  the  focal  point 
being  the  annual  Congressional  Authorization  and  Appropriation  Hearings. 

Private  shipbuilders,  with  their  purported  minimal  or  negative  profits  in  Navy 
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contracts,  have  launched  billion  dollar  claims  packages  with  the  attendant 
criticism  and  blame  being  directed  at  the  Navy.  The  Executive  Branch  of  the 
Government,  mindful  of  its  statutory  responsibilities,  has  also  been  critical 
of  the  lack  of  progress  and  solution  in  the  areas  of  claims  settlement,  claims 
prevention,  program  slippage  and  cost  growth. 

The  criticism  is  so  wide  ranging  and  interrelated  that  any  attempt  to 
evaluate  the  criticism  of  "ship  cost  estimating"  in  isolation  of  other  related 
criticism  would  appear  unduly  narrow.  It  should  be  noted  that  while  cost  esti- 
mating is  one  of  the  most  often  cited  problems,  and  at  times  the  term  solely 
associated  with  cost  growth  and  contractor  claims,  it  is  a term  that  is  more 
often  misapplied.  Cost  estimating  defined  as  the  technique  or  methodology 
for  forecasting  the  future  costs  is  not  in  itself  a major  cause  of  the  criticism. 
Only  if  cost  estimating  is  defined  as  the  total  acquisition  process,  including 
the  management  of  the  process,  does  the  term  apply.  Moreover,  that  while 
many  of  the  problems  associated  with  cost  growth  and  claims  have  been  with 
the  Navy  for  sometime,  had  it  not  been  for  the  devastating  effect  of  the  in- 
flation on  the  nation  during  1973  and  1974,  many  of  the  problems  and  criticisms 
might  not  have  surfaced  or  might  well  have  been  solved  or  coped  with  in  the 
normal  process.  Therefore,  in  taking  the  broadest  definition  of  cost  estimating 
to  include  the  total  acquisition  process,  a tabulation  of  the  most  frequent 
criticisms  together  with  their  sources  is  set  forth  in  Table  B.l. 


TABLE  B.l 


SUMMARY  OF  RECENT  CRITICISM  OF  NAVY  SHIPBUILDING 


CRITICISM 


CRITICS 


Congress 


Low  Budget  Estimates/IJnderfunding  X 

Unrealistic  Delivery  Estimates  X 

Program  Instability  X 

Unrealistic  Shipbuilder  Productivity  X 

Estimates 

Excessive  Government  Changes  X 

Inadequate  Technical  Definition  X 

Faulty  Specifications  X 

Late  and  Faulty  GFM/GFI  X 

Excessive  Government  Management  X 

Requirements 

Late  Specification  Changes  X 

Excessive  Management  Turnover  X 

Excessive  Management  Layering  X 

Excessive  Claims  X 

Inflexible  Contracting  Methods 


Executive 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


Ship- 

builder 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 


Independent 
In  House  Studies* 

X X 

X 

X X 

X 

X 

X 

X 

X X 

X X 

X 


X 

X 

X 


X 

X 

X 

X 


* Comments  regarding  study  criticism  are  set  forth  in  Chapter  III. 


B-3 


RECENT  CRITICISM  AND  SOURCES 


The  expanded  Navy  Shipbuilding  Programs  that-  are  currently  in  pro- 
gress and  which  are  encountering  increasing  delays  in  deliveries,  large  in- 
creases in  cost  growth  and  escalation  for  prior  years,  together  with  a mounting 
backlog  of  claims,  has  subjected  the  Navy  to  continuing  review  and  critical 
analysis.  While  the  Navy  has  been  implementing  revised  contracting  and 
management  methods  designed  to  remove  these  problems,  widespread  criticism 
continues.  Specific  corrective  action  is  discussed  herein  and  elsewhere  in  this 
report.  This  section  will  identify  the  current  criticism  and  its  sources.  The 
data  set  forth  herein  was  obtained  from  review  of  written  materials  and  per- 
sonal interviews  with  well  informed  individuals  from  Congressional,  Executive, 
Industrial,  and  In-house  Navy  sectors. 

1.  LEGISLATIVE  CRITICISM 

(1 ) Congressional  Hearings  And  Requests  For  Additional  Funds 
Are  A Focal  Point  Of  Criticism 


A significant  point  of  focus  with  respect  to  criticism  within 
the  Congress  is  the  request  for  additional  funds  to  provide  full  fund- 
ing for  escalation  and  cost  growth  in  prior-year  shipbuilding  programs. 
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This  becomes  an  extremely  critical  issue  since  the  Ship  Construction 
Navy  (SCN)  Appropriation  is  funded  under  an  "End  Cost"  concept 
whereby  all  costs  to  fully  complete  the  program  were  to  be  budgeted 
in  the  particular  program  year.  The  process  for  requesting  additional 
funds  for  prior  year  programs  is  contrary  to  the  "End  Cost"  concept  of 
budgeting  which  has  been  in  effect  since  Fiscal  Year  1961 . Prior  to 
that  time,  lacking  the  necessary  funds  the  Navy  had  to  either  delay 
or  defer  the  award  of  new  ships  until  additional  funds  were  available 
or  cancel  previously  awarded  ships  to  provide  a source  of  necessary 
funding. 

In  the  1976  budget  request  for  SCN,  a total  of  $2.3  billion 
was  requested  to  full-fund  cost  growth  and  escalation  for  prior  year 
programs  as  shown  below. 

FY  76  REQUEST 

Escalation  on  prior  year  Programs  $1,149,800,000 

(Includes  contract  escalation,  GFE  inflation) 

Cost  Growth  $1,119,500,000 

(Includes  $150  Million  for  Claims) 

Subsequent  actions  by  the  Congress  resulted  in  a deferral  of 
approximately  $1 .0  billion  of  the  full  funding  requirements  on  the  basis 
that  such  funds  were  nat  required  to  be  obligated  in  FY  76.  This 
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deferral  is  shown  below. 


FY  76  FULL  FUNDING  DEFERRAL 
Escalation  -$729,500,000 

Cost  Growth  -$293,200,000* 

* Includes  $150,000,000  for  Claims 


This  full  funding  deferral  action  was  a deviation  from 
long  standing  full  funding  requirements  for  shipbuilding 
going  back  to  1957  when  the  Chairman  of  the  Subcom- 
mittee on  Defense  Appropriations  stated  that  the  general 
prevailing  practice  of  the  Subcommittee  was  to  provide 
funds  at  the  outset  for  the  total  estimated  cost  of  a given 
item  so  that  the  Congress  and  the  public  could  clearly 
see  and  have  a complete  knowledge  of  the  full  dimen- 
sions and  cost  of  any  item  or  program  when  it  is  first 
presented  for  an  appropriation. 

The  Senate  .Committee  on  the  Armed  Services,  in  its 
acceptance  of  the  FY  1976  deferral  action,  reaffirmed 
its  support  of  the  full  funding  concept  for  Navy  ships 
and  pointed  out  that  a one  year  deviation  from  the  full 
funding  concept  for  FY  1975  and  prior  programs  was 
made  because  of  the  uncertainties  of  shipbuilding  pro- 
grams and  unusual  economic  conditions. 

The  House  Committee  on  Appropriations  in  the  FY  1976 
hearings  indicated  that  it  did  not  believe  it  prudent  for 
the  Congress  to  endorse  or  give  credence  to  predicted 
annual  rates  of  inflation  in  labor  and  materials  by 
"locking"  those  rates  into  authorization  acts.  The 
Committee  further  indicated  that  in  the  future  they 
intended  to  authorize  only  such  funds  for  escalation  in 
shipbuilding  programs  as  were  estimated  to  be  obligated 
in  the  current  fiscal  year  and  the  next  following  year. 

To  further  highlight  the  current  intensity  of  the  problem, 
it  should  be  noted  that  only  $50  million  of  the  $2.3 
billion  full  funding  request  for  FY  1976  was  for  ship 
programs  approved  earlier  than  fiscal  year  1970. 


The  request  for  full  funding  in  FY  1977  was  $1 .6  billion  which  in- 
cluded the  $1.0  billion  deferred  in  the  action  cited  previously. 

FY  77  BUDGET  REQUEST 

($  in  Millions) 


FY  76 

FY  77 

Deferred 

New  Rqmts. 

Total 

Escalation 

$729.5 

$360.0 

$1,089.5 

Cost  Growth 

$273.8 

$259.9 

$ 533.7 

TOTAL  $1,623.2 

* Included  total  of  $320  Million  for  Claims 


In  the  FY  78  request  for  full  funding,  the  total  amount  was 
$566.1  million  and  did  not  include  any  additional  funds  for  prior  year 
escalation.  Prior  year  unexpended  escalation  funds  were  available  to 
offset  some  of  the  prior  year  cost  growth. 


FY  78  BUDGET  REQUEST 
($  In  Millions) 


Escalation 

FY  75  and  prior  year  program  cost  growth  $184.7 
Funds  for  impending  claims  settlement  $370.0 

Support  for  Claims  analysis  $ 11.4 

Total  $566.1 
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(2)  A Major  Point  Of  Criticism  Within  The  Congress  Is  The 
Volatile  Claims  Situation 


In  March  1977,  during  the  FY  78  Authorization  Hearings, 

Senator  John  C.  Stennis,  Chairman  of  the  Senate  Committee  on  Armed 
Services  stated  in  part  that  the  existence  of  substantial  claims  against 
the  government  and  their  underlying  causes  represent  one  of  the  most 
serious  problems  facing  the  Navy  and  the  Department  of  Defense.  The 
current  total  of  claims  as  reported  to  the  Congress  in  March  1977  was 
$2,455,300,000  as  of  31  December  1976.  This  was  later  modified  to 
a total  of  $2,532,900,000  which  resulted  from  a combination  of  adjust- 
ments downward  due  to  settlement  and  increases  due  to  additional  claims 


received.  Figure  B.  1 summarizes  the  overall  claim  status  as  discussed 
above. 

Figure  B.l 


Source:  HAC  Report  (3/22/77)  * Armed  Services  Board  of  Contract  Appeals 

(ASBCA) 
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To  the  Congress  such  claims  represent  mismanagement 
on  the  part  of  the  contractor  as  well  as  the  Navy. 

Any  attempt  at  settlement  that  does  not  follow  the 
established  safeguards  listed  below  is  viewed  by  some 
as  a government  "bailout"  of  the  shipbuilders  who  had 
been  unable  to  build  and  deliver  ships  to  the  Navy 
on  time  and  for  agreed  upon  costs: 

A thorough  review  of  legal  entitlement,  exten- 
sive fact  finding  and  analysis  of  the  claim  by 
the  Government. 

Appropriate  certifications  by  senior  company 
officials  that  the  claim  and  all  supporting  data 
provided  to  the  government  are  current,  com- 
plete and  accurate. 

FY  77  DOD  Appropriation  Act  specified  that 
"none  of  the  funds  appropriated. . . may  be  used 
to  pay  any  claim. . . unless  such  claim  has  been 
thoroughly  examined  and  evaluated." 

Navy  culpability  in  the  claims  area  is  generally  alleged 
to  be  due  to  incomplete  or  erroneous  design  packages 
which  result  in  numerous  changes  during  the  construction 
period  and  form  the  basis  for  future  claims  especially 
in  the  delay  and  disruption  category. 


(3)  Navy  Continues  To  Submit  Requests  For  Funding  From  Congress 
For  The  Construction  Of  Ships  That  Have  Not  Been  Completely 

Designed 


Members  view  the  lack  of  a Budget  Quality  estimate 
as  indicators  of  insufficient  design,  production  or  cost 
information. 

CGN  40  and  AS  39  in  FY  1972,  FFG-7  in  FY  73,  the 
TRIDENT  Submarine  in  FY  74;  the  DDG-47  in  FY  77 
and  CSGN  strike  cruiser  in  FY  77  and  78  are  cited  as 
examples  of  ships  for  which  the  Navy  has  requested 
funds  based  on  less  than  budget  quality  (Class  "C") 
estimates. 
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Cost  growth  and  schedule  slippage  are  seen  as  by- 
products of  poor  budget  estimates. 


(4)  The  Apparent  Inability  To  Estimate  Accurate  Delivery  Dates 
Raises  Additional  Criticism 


The  Congress  is  also  highly  critical  of  the  Navy's  apparent 
inability  to  estimate  accurate  delivery  dates  for  the  ships  authorized. 
Congress  has  concluded  that  this  is  due  primarily  to  an  over  optimistic 
estimate  of  a shipbuilder's  productive  capacity  by  both  the  Navy 
and  the  shipbuilder.  A survey  recently  completed  by  the  Navy  in- 
dicated that  of  the  ships  awarded  in  the  past  ten  years,  contract 
delivery  dates  have  in  general  not  been  met. 


As  of  April  1976,  there  were  91  new  construction 
ships  under  contract  with  ten  shipbuilders.  59  of 
those  were  under  construction,  27  out  of  the  91 
ships  were  maintaining  contractual  schedules.  The 
remaining  64  ships  had  identified  slippages  of  orig- 
inal contract  schedules  from  three  to  52  months, 
with  further  slippage  of  some  schedules  anticipated. 

While  the  Navy  has  informed  the  Congress  that 
current  delivery  estimates  reflect  updated  construction 
periods  based  on  known  projected  longer  lead  times 
for  procuring  vendor  supplied  materials,  as  well  as 
updated  shipyard  production  capacity  estimates, 
there  remains  a high  degree  of  skepticism  regarding 
delivery  dates. 


B-10 


(5)  Another  Point  Of  Continuing  Criticism  Concerns  Personnel 

Turnover 

Most  of  the  criticism  in  this  area  is  directed  at  the  policy- 
making and  top  decision-making  levels  of  management.  From  the 
Congressional  point  of  view,  this  lack  of  personnel  stability  within 
those  areas  of  the  DOD  that  have  cognizance  in  shipbuilding  matters 
has  resulted  in  frequent  and  continual  perturbation  in  the  shipbuilding 
program.  Whatever  the  primary  motivation,  out  of  this  criticism  has 
come  the  mandate  for  the  stable  five  year  shipbuilding  program. 

(6)  Disposition  Of  Legislative  Criticism 

With  the  backlog  of  unsettled  claims  as  the  focal  point  of 
Congressional  criticism  of  the  naval  shipbuilding  programs,  the  Navy 
has  approached  the  solution  to  the  claims  problem  in  a positive  and 
forthright  manner.  For  the  short  term,  they  have  established  the  Navy 
Claims  Settlement  Board  with  a goal  of  settling  the  Newport  News  and 
Electric  Boat  claims  by  the  end  of  1977.  For  the  long  term,  they  are 
working  to  reduce, where  feasible,  the  basic  causes  of  increased  costs 
which  the  Navy  views  as  the  underlying  cause  of  claims. 

In  the  area  of  claims  settlement,  the  Armed  Service  Committee 
of  the  House  in  their  report  of  21  June  1977,  noted  that  of  $2.4  billion 
in  claims  outstanding,  approximately  $1.0  billion  was  under  litigation 
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before  the  Armed  Services  Board  of  Contract  Appeals  or  in  the  Federal 
Courts.  The  Committee  further  noted  that: 


“The  Navy  is  making  a commendable  effort  to  negotiate  claim 
settlement  on  the  basis  of  legal  entitlement  and  the  proper 
amount  of  price  increases  due  to  the  contractors.  While  there 
is  pressure  from  some  sources  to  make  quick  and  expedient 
settlements,  the  Navy  must  comply  with  the  requirement  of 
the  Department  of  Defense  Appropriation  Act  of  1977  that  each 
claim  be  thoroughly  examined  and  evaluated  and  its  validity 
certified  to  the  Congress  prior  to  payment. ..." 


The  long  term  claims  solution  effort  is  in  the  direction  of  claims 
prevention  by  eliminating  the  basic  causes  of  claims.  The  Navy  effort  is 
specifically  aimed  at  the  elimination  of  such  "cost  drivers"  as  defective 
specifications,  defective  plans  and  drawings,  late  or  defective 
Government  Furnished  Equipment  and  better  control  of  changes.  Positive 
efforts  to  date  have  included  new  contract  provisions  providing  for  more 
realistic  escalation  payments,  utilization  of  cost  type  contracts  for 
lead  ships,  greater  contractor  participation  in  the  ship  design  process 
and  greater  time  lapse  between  lead  and  follow  ship  contracts.  This 
study  concurs  in  these  steps  and  discusses  in  detail  elsewhere  in  this 
report  some  of  the  causes  and  impact  of  poor  budget  estimates. 
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2. 


TOP  LEVEL  EXECUTIVE  BRANCH  CRITICISM 


Within  the  Executive  Branch  of  the  Government  there  has  been  a con- 
tinuing awareness  of  the  difficulties  involved  in  the  solution  of  problems  be- 
setting the  Navy's  shipbuilding  programs.  Secretary  of  Defense  Melvin  Laird/ 
in  one  of  his  first  appearances  before  the  Congress  in  March  1969  spoke  of  the 
urgent  need  for  a comprehensive  review  of  the  Navy  shipbuilding  program. 

He  cited  an  estimated  deficit  of  $600-700  million  of  funds  to  complete  ships 
then  in  ongoing  building  programs.  He  spoke  of  large  cost  overruns/  of 
multi-million  dollar  claims,  of  programmed  ship  cancellations.  He  said  at 
that  time  that  we  must  begin  to  get  the  program  under  control . 

The  major  criticism  today  evolves  around  an  apparent  lack  of  progress 
in  solving  the  shipbuilding  problems.  This  is  exacerbated  by  Congressional 
pressures  brought  about  by  the  seemingly  endless  requirement  to  full-fund 
prior  year  programs.  This  coupled  with  the  adversarial  relationships  existing 
between  the  Navy  and  shipbuilders  involving  an  increasing  spiral  of  claims 
now  totaling  some  $2.5  billion  outstanding  for  Navy  ships  currently  author- 
ized and  ship  delivery  slippages  of  from  three  months  to  five  years  highlights 
a highly  volatile  situation. 

However,  it  should  be  noted  that  with  respect  to  requests  for  addi- 
tional funds  for  prior  year  programs,  the  FY  1978  budget  request  continued 
the  downward  trend  from  the  high  of  1976. 
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(1 ) Criticism  Within  The  Department  Of  Defense 


Deputy  Secretary  of  Defense  Clements  indicated  that  failure 
to  correct  the  problems  of  cost  overruns,  program  slippage  and  contractor 
claims  has  brought  about  a situation  where  the  President  and  the 
Congress  are  losing  confidence  in  the  Navy.  The  Secretary  of 
Defense  has  acknowledged  to  the  Congress  that  "the  ultimate  respon- 
sibility for  approval,  management,  and  program  execution  lies  with 
the  Secretary  of  Defense.  " He  advised  the  Navy  that  they  are 
jeopardizing  current  and  future  programs  by  their  failure  to  resolve 
the  grave  contractual  problems  that  currently  exist. 

(2)  Specific  Criticisim  Within  The  Executive  Branch  Is  Similiar 

To  That  Expressed  In  The  Congress 

Some  of  the  more  critical  condusions  are  listed  below. 

. Combatant  surface  ships  were  being  included  in  the 

Navy  budget  with  incomplete  plans,  specifications 
and  analysis 

. Slippages  due  in  part  to  unrealistic  delivery  dates 

. Lengthy  change  order  approval  process 

. Unrefined  cost  estimates  are  submitted  as  budget  class 

estimates 

. Instability  in  yearly  shipbuilding  programs  impede 

shipyard  modernization 

. Navy  decision  making  process  is  too  long  and  extensive 

. Adversarial  relationships  prevalent  mainly  in  nuclear 

area  with  some  in  conventional  yards 
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(3)  Disposition  Of  Executive  Branch  Criticism 


Criticism  within  the  Executive  Branch  of  the  Government,  as 
in  other  areas,  is  directed  at  mounting  cost  growth,  increasing  claims 
and  continued  slippages  in  ship  deliveries.  While  solutions  with  re- 
spect to  claims  that  are  equitable  to  both  the  shipbuilder  and  the 
Government  and  are  in  accordance  with  the  law  are  time  consuming, 
the  apparent  lack  of  any  major  progress  toward  their  settlement  and  their  im- 
plied impact  on  the  business  of  providing  naval  ships  at  a planned 
cost  and  on  schedule  is  still  the  crux  of  the  criticism. 

3.  IN-HOUSE  NAVY  CRITICISM 

In-house  Navy  criticism  can  be  grouped  in  two  general  categories: 
shipbuilding  industry  shortcomings  and  in-house  management  procedures. 
Superimposed  on  these  two  general  groupings  is  the  overall  problem  of  in- 
flation and  its  impact  on  cost  and  schedule.  All  concerned  readily  concede 
to  a gross  misestimate  with  respect  to  inflation.  Necessary  adjustments  are 
being  incorporated  in  all  new  contracts.  In  current  contracts,  adjustments 
are  being  made  on  a case-by-case  basis  where  allowable  under  existing 
legal  bounds. 


(1 ) A Mojority  Of  The  In-House  Criticism  Is  Directed  At  The 

Shipbuilding  Industry 

Even  with  inflation  shortfalls  excepted,  the  position  taken  is 
that  the  shipbuilders,  at  the  time  of  contract  signing,  have  sufficient 
knowledge  and  data  at  their  disposal  to  permit  the  signing  of  an  equit- 
able and  feasible  contract  which  provides  for  the  construction  and  de- 
livery of  ships  within  cost  and  on  schedule.  This  position  is  taken 
assuming  that  equitable  cost  and  schedule  adjustment  will  be  made 
for  Navy  directed  changes  and  Navy  responsible  design  deficiencies. 
/Wore  specifically,  criticism  is  directed  towards  industry's  "over- 
optimism,r  as  to  attainable  production  capacity  and  its  attendant  labor 
requirements. 


Shortfalls  in  estimating  labor  availability,  skill  mix, 
buildup  rate  and  turnover  rates  have  been  cited  as 
primary  slippage  factors.  Accountability  for  labor 
and  productivity  estimates  is  viewed  as  within  the 
purview  of  industry  and, therefore,  is  properly  a 
business  risk  not  attributable  to  government  action  or 
inaction. 

Claims  and  their  accompanying  adversarial  atmosphere 
are  a constant  impediment  from  both  a funding  and 
manpower  requirements  viewpoint.  The  Navy  insists 
that  industry's  claims  are,  in  general,  exaggerated 
and  unsupported,  thus  necessitating  extensive  fact 
finding,  probing  and  data  development  to  provide  a 
basis  for  an  equitable  claim  evaluation.  The  claims 
situation  is  further  irritated  by  late  submissions,  re- 
visions and  resubmissions,  all  of  which  give  rise  to 
a questioning  of  the  credibility  of  the  shipbuilding 
industry. 
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(2)  Program  Instability  Brought  About  By  What  Appears  To  Be 

Budget  Pressures  Generate  The  Most  Frequent  Criticism 

From  Management  Personnel^ 

These  pressures  drive  what  are  often  short  deadline  trade-off 
studies  which  impact  long-lead  time  procurement  and  ship  delivery 
schedules.  Pressured  deviations  from  established  design  and  cost 
estimate  phasing  are  also  seen  as  self-defeating  procedures.  The  con- 
stant probing  for  "excess"  management  reserves  in  an  attempt  to  keep 
estimates  reasonable  is  viewed  as  a potential  for  cost  overrun.  In  the 
post-budget  phase,  such  actions  as  late  surfacing  changes  in  reliability 
and  maintainability  requirements  and  GFE  improvement  programs  are 
voiced  as  potential  overrun  and  slippage  factors.  These  together  with 
the  annual  budget-driven  program  stretch-out  or  contractions  in  the 
case  of  new  ship  designs  are  also  seen  as  major  cost  and  schedule  in- 
hibitors. 

4.  INDUSTRY  CRITICISM 

The  annual  Congressional  hearings  are  again  the  focal  point  and  forum 
for  criticism  of  the  Navy  shipbuilding  programs.  In  1972  and  again  in  1974, 
the  shipbuilding  industry,  represented  by  some  of  the  top  executives  of  the 
major  shipbuilding  yards  as  well  as  the  President  of  the  Shipbuilders  Council 
of  America,  in  extensive  hearings  before  the  Seapower  Subcommittee  of  the 
Committee  on  Armed  Forces,  House  of  Representatives,  had  a long  list  of 
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complaints  and  problems  concerning  the  Navy's  shipbuilding  programs. 

(1 ) Industry  Criticism  Covers  A Brood  Spectrum  Of  Problems 

Criticism  by  representatives  of  the  shipbuilding  community  has 
ranged  from  problems  concerning  claims  to  the  establishment  of  a stable 
program.  Some  of  the  most  frequently  heard  criticisms  were  as  noted 
below. 

. Lack  of  a firm  long  range  shipbuilding  program 

. Lack  of  timeliness  in  settlement  of  change  order 

cost  and  claims 

. Pattern  of  diminishing  profits  on  Navy  contracts 

. Excessive  government  supervision  and  interference 

. Numerous  change  orders 

. Accuracy  of  Navy  drawings  and  specifications 

. Critical  material  priorities 

. Inflation  payments 

. Adversarial  and  acrimonious  Navy- Shipbuilder 

business  relationship 

(2)  Many  Corrective  Actions  Reoommended  In  1974  Have  Not 
Been  Taken 

A review  of  the  industry  position  with  regard  to  business  re- 
lationships in  Navy  shipbuilding  indicated  that  a majority  of  the  points 
set  forth  in  the  1974  hearings  were  still  present  as  late  as  May  1977. 
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A major  point  of  criticism  is  still  the  diminishing  profit  picture 
in  Navy  shipbuilding  contracts.  The  industry  points  out  that  by  Navy 
estimates  as  set  forth  by  the  DEPSECDEF  before  the  Subcommittee  on 
Priorities  and  Economics  in  Government  of  the  Joint  Committee  on 
June  25,  1976,  that  for  11  contracts  then  in  force,  involving  70  ships 
and  a cost  of  $8.65  billion,  the  shipbuilders  would  incur  a loss  of 
nearly  $500  million  (loss  of  5.8  percent).  Industry  points  out  that 
those  70  ships  represent  approximately  two-thirds  of  the  value  of  all 
major  Naval  vessels  under  construction  and  reflect  a 14-year  time  span 
of  performance  from  commencement  of  the  first  ship  (1968)  until  scheduled 
delivery  of  the  last  (1981).  Therefore,  for  Naval  shipbuilding  contracts, 
industry  sees  this  not  as  a transient  phenomenon  of  minimal  to  negative 
realized  profits,  but  as  a malaise  extending  well  over  a decade. 

Industry  also  notes  that  DOD  policies,  procurement  regulations 
and  reporting  requirements  result  in  excessive  management  and  create 
an  adversarial  business  relationship  with  the  Government.  They  con- 
tinue to  highlight  the  cost  implications  of  late  GFI  and  GFM,  as  well 
as  erroneous  and  incomplete  GFI.  With  respect  to  ship  definition,  they 
allege  errors  and  inconsistencies  in  primary  specifications  coupled  with 
a need  to  simplify  primary  and  subordinate  specifications. 
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(3)  Views  Expressed  By  The  President  Of  The  Shipbuilders 

Council  Of  Americo~ 

The  position  of  industry  as  expressed  by  the  President  of  the 
Shipbuilders  Council  of  America  (SCA)  in  a letter  to  the  Deputy  Secre- 
tary of  Defense,  dated  20  October  1976,  reaffirmed  that  with  respect 
to  the  problems  highlighted  in  the  1974  Seapower  hearings  - "Each  re- 
commendation is  pertinent  to  a problem  area  we  believed  - and  still 
believe  - to  be  a significantly  contributing  cause  of  the  lengthy  dis- 
putes which  have  characterized  dealings  in  the  past  several  years  and 
which  are  symptomized  by  the  level  of  outstanding  claims.  We  believed 
then  - and  believe  now  - that  unless  these  problem  areas  are  fully 
addressed  and  appropriately  reconciled,  there  is  a high  probability  of 
repetitive  disputes  culminating  in  another  round  of  claims."  A listing 
of  39  recommendations  was  prepared  in  connection  the  SCA  Ad  Hoc 
Committee  report  - "A  Discussion  of  Navy  Shipbuilding  Industry 
Business  Relationships". 

The  Shipbuilders  Council  asserts  that  of  39  recommendations 
made  in  the  hearings  of  1974,  only  two  have  been  accepted.  One  with 
respect  to  the  method  of  progress  payment  which  it  now  regards  as  al- 
leviating the  problems  of  cash  flow  probably  to  the  maximum  expectable 
extent,  and  the  other  with  respect  to  an  examination  of  government  or- 
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ganizational  structure  bearing  on  ship  procurement  and  production  where 
it  previously  rated  all  sorts  of  "examinations"  but  no  clear  benefit,  but 
now  grant  that  the  apparent  attitude  approach  of  the  incumbent  COM- 
NAVSEA  shows  promise  of  improvement  in  relationships.  Of  the  remain- 
ing 37  recommendations,  as  of  2 May  1977,  they  perceive  partial  ac- 
commodation of  10  and  no  sign  of  affirmative  action  on  the  remaining 
27.  These  recommendations  with  appropriate  Navy  and  industry  comments 
are  attached  as  Exibit  B.l  for  information. 

It  should  be  pointed  out  that  these  Ad  Hoc  Committee  recommen- 
dations represent  the  combined  views  of  all  its  members,  even  though 
some  are  working  more  closely  with  Navy  requirements  than  others  and, 
in  several  instances,  partial  or  total  accommodation  has  been  reached. 
Hence,  when  SCA  indicates  that  Navy  has  not  accommodated  most  of 
its  recommendations,  while  technically  correct  with  respect  to  the  en- 
tire council  membership,  it  does  not  represent  the  true  extent  of  Navy 
action.  A typical  example  is  compliance  with  DOD  INST.  7000.2, 
whereas  three  yards  have  already  qualified  for  a management  reporting 
system  and  some  other  yards  are  in  the  process  of  complying.  In  fact, 
during  shipyard  visits  it  was  learned  that  some  shipbuilders  see  7000.2 
compliance  as  being  to  their  advantage  from  a management  viewpoint. 

In  sum,  it  should  be  pointed  out  that  only  three  of  the  39  SCA 
recommendations  apply  indirectly  to  NAVSEA  estimating  and  budgeting 
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functions  and  are: 


Improve  accuracy  of  definition  of  ship  to  be  built  - 
which  SCA  agrees  the  government  is  trying  to  improve. 

Improve  the  accuracy  of  forecasting  probable  costs  - 
SCA  points  out  that  this  contemplates  far  more  than 
improving  quality  of  inflation  forecasts.  Probably, 
recent  study  efforts  to  find  out  "what's  wrong  with  our 
estimating  system"  is  a far  more  significant  effort  to 
improve  accuracy. 

Provide  reasonably  for  known  and  unknown  contingencies  - 
SCA  views  "balance  of  risk"  as  interpreted  under  exist- 
ing regulations  as  balancing  risk  at  Navy  - 0,  builder 
100  - pending  "claim"  and  claim  resolution. 


(4)  Disposition  Of  Industry  Criticism 

The  SCA  recommendations  represent  a compendium  of  all  the 
shipbuilders'  views  without  giving  emphasis  or  priority  to  the  more  critical 
items.  Navy  planning,  contracting  and  administrative  problems  are  em- 
phasized with  only  limited  criticism  of  Navy  estimating  and  budgeting 
methods.  Agreements  with  all  the  recommendations  would  not  be  ac- 
ceptable to  Congress  or  follow  recognized  contracting  practices.  Cor- 
rective measures  to  the  extent  feasible  will  improve  Navy  - shipbuilder 
relationships;  however,  the  contracts  should  be  fair  to  both  parties 
while  at  the  same  time  acknowledging  that  every  contract  entails  some 
risk  for  both  parties.  It  is  within  this  context  that  the  Navy  under  the 
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direction  of  the  Assistant  Secretary  of  the  Navy  (Installations  and 
Logistics)  ASN(I&L)  is  currently  addressing  many  of  the  problems 
raised  in  the  Ad  Hoc  report  with  a view  towards  improving  the  Navy- 
industry  management  practices  and  business  relationships,and  with  the 
goal  of  avoiding  or  at  least  limiting  future  claims.  This  effort  will 
undoubtedly  serve  as  a clearing  house  for  Navy  - Shipbuilding 
Industry  problems  such  as  those  Ad  Hoc  Committee  recommendations 
still  listed  as  partially  or  not  accommodated. 
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III.  REVIEW  OF  PAST  STUDIES  RELATING  TO 
COST  ESTIMATING  AND  SHIPBUILDING 


Rising  costs  and  cost  growth  in  weapon  system  acquisition  have  been 
the  stimulus  for  numerous  studies  from  both  within  and  without  the  government 
over  the  years.  These  studies  have  been  comprehensive  and  in  some  cases 
far-reaching,  covering  in  broad  perspective  such  matters  as  management, 
budgeting,  policy,  procedures,  and  organization.  Cost  estimating  was 
analyzed  in  varying  detail,  but  only  as  part  of  the  overall  Department  of 
Defense  functions,  including  its  acquisition  process.  Recognizing  that  there 
have  been  literally  dozens  of  recommendations  regarding  cost  estimating,  this 
study  will  identify  the  more  important  estimating  recommendations  and  assess 
their  practicality  and  the  effectiveness  of  implementation  on  cost  estimates 
in  shipbuilding.  It  will  also  identify  the  recommendations  already  implemented 
in  whole  or  in  part,  as  well  as  include  the  independent  findings  believed 
necessary  to  improve  estimating  outputs. 

1 . A LARGE  NUMBER  OF  STUDIES  ON  ACQUISITION  PROCEDURES 
HAV£  BEEN  DEVELOPED  DURING  PAST  SEVERAL  YEARS 

A total  of  20  significant  studies  have  been  reviewed  and  summarized. 
The  earliest  study  was  developed  in  1939  with  the  latest  being  issued  in  1977. 
Most  of  the  studies  cover  the  past  ten  years  during  which  period  the  serious 
cost  increases  and  overruns  have  taken  place.  Summaries  of  each  of  the  20 
studies  are  in  Exhibit  B.2,  with  emphasis  on  those  findings  and  recommendations 
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pertinent  to  the  estimating  process.  The  studies  in  chronological  order  are: 


Date 

9-21-39 

12-1-67 

1- 30-69 

2- 10-69 

4-1-69 

4-10-69 

7-1-70 

9-5-70 

9-21-70 

6- 10-71 

7- 72 

7-17-72 

7-24-72 

12-72 


Title 

Source 

Cost  of  Naval  Ships 

Bureau  of  S and  A to 
SECNAV 

New  Construction  Cost  of 

Major  Warships 

Chief,  Naval  Operations 
(Holloway) 

An  Evaluation  of  the  Effec 
tiveness  of  the  Ship  Procure- 
ment Study 

NAVSHIPS  Procurement 
Review  Group 
(Sanders-Scanlon) 

Study  of  Economic  Factors 
Applicable  to  Shipbuilding 

Center  for  Naval  Analyses 

SCN  Pricing  & Cost  Control  Study 

Chief,  Naval  Material 

Survey  of  Government  and 

Industry  Cost  Estimating  and 

Cost  Control 

Booz-Allen 

Blue  Ribbon  Defense  Panel 

President  and  Secretary 
of  Defense 

Review  of  Estimating 

Techniques  within  DOD 

ASPR  Pricing 

Subcommittee 

Organizational  Problems  in 

SCN  Procurement  Systems 

Center  for  Naval  Analyses 

Command  Inspection  of  Naval 

Ship  Systems  Command 

Headquarters 

CNM 

Shipbuilding  and  Conversion 
Improvement  Program  (SCIP) 

CNO 

Acquisition  of  Major  Weapon 
Systems  - Department  of  Defense 

GAO 

Theory  and  Practice  of  Cost 
Estimating  for  Major 

Acquisitions  in  DOD 

GAO 

Report  of  the  Commission 
on  Government  Procurement 

Industry  - Government 
(Public  Law  91-129) 
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(continued) 


Dote  Title 


Source 


3-73  Study  of  Cost  Escalation 

10-22-74  Discussion  of  Navy  Ship- 

building Industry  Business 
Relationships 


DOD 


Shipbuilders  Council  of 
America 


1-75  Report  of  the  Navy-Marine 

Corps  Acquisition  Review  SECNAV 

Committee  (NMARC) 


4-11-75  Financial  Management  Plan- 
ning Group  Inflation  Study  ASN 


9-30-75  Report  of  the  Acquisition 

Advisory  Group  to  Deputy  Deputy  Secretary  of 

Secretary  of  Defense  Defense 


1-18-77  Financial  Status  of  Major  GAO 

Acquisitions  as  of  June  30, 

1976  (Covering  all  Major, 

Fully  or  Partially  Govern- 
ment Funded  Programs) 


(1 ) These  Studies  Relate  Directly  or  Indirectly  to  Estimating 

Procedures 


All  the  aforelisted  acquisition  studies  and  reports  relate  directly 
or  indirectly  to  estimating.  A commonality  in  selected  phases  of  the 
process  runs  through  each  study,  even  though  greater  emphasis  may  be 


B-26 


placed  on  organization,  management  and  other  aspects  of  acquisition. 
Many  of  the  recommendations  and  suggestions  have  been  implemented, 
while  others  for  various  reasons  have  either  not  been  implemented  or 
only  implemented  in  part. 

(2)  The  Majority  Of  Studies  Hove  Been  Undertaken  By  Components 

Of  Deportment  Of  Defense,  Its  Consultants  And  the  GAO 

The  majority  of  studies  have  been  undertaken  by  components  of 
the  Department  of  Defense,  supplemented  by  consultants.  The  GAO 
has  participated  heavily  in  government  procurement  studies.  A great 
perception  of  the  overall  problem  is  evident,  although  only  limited 
exploration  of  the  detailed  estimating  process  has  been  undertaken. 

Many  cost  drivers  have  been  identified  and  a few  of  the  reports  recog- 
nize the  unpredictable  pitfalls  facing  the  estimators  which  can  only  be 
reduced  by  an  adequate  estimating  base  and  sufficient  time  to  perform 
a credible  estimate. 

(3)  Only  A Limited  Number  Of  Studies  Have  Had  Industry  Participa- 
tion 

A few  of  the  studies  have  been  developed  with  the  participation 
of  industry  such  as  the  Commission  on  Government  Procurement  Report 
(1972),  Blue  Ribbon  Defense  Panel  Report  (1970)  and  the  Navy  and 
Marine  Corps  Acquisition  Review  Committee  Report  (1975).  The  Com- 
mission on  Government  Procurement  covers  Government-wide  acquisition 
programs.  Its  basic  emphasisis  on  the  entire  process  including  research 
and  development,  major  systems,  commercial  products,  engineering  ser- 
vices, Federal  Grant  programs,  liabilities,  patents  and  administration. 
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The  report  states  this  rationalization  on  estimating: 

“Becouse  of  the  repeated  pattern  of  major  cost  increases  in 
system  acquisitions,  mony  people  have  concluded  that  there 
is  need  for  better  cost  estimating  and  better  risk  analysis. 
However,  improved  estimating  techniques  can  bring  only 
relatively  small  improvements.  About  15  percent  of  cost 
growth  in  major  programs  during  the  1960's  can  be  attri- 
buted to  the  inherent  imprecision  of  present  cost  estimating 
procedures.  Better  cost  control  will  come  only  if  funda- 
mental changes  are  mode  in  the  way  systems  are  refined 
ond  chosen  early  in  the  acquisition  process;  these  steps 
largely  determine  ultimate  cost  and  performance." 


The  Blue  Ribbon  Defense  Panel  Report  is  heavily  oriented  in 
DOD  organizations,  but  it  has  o few  pertinent  findings  on  cost  esti- 
mating ond  contracting,  the  highlights  of  which  are: 

The  accuracy  of  cost  estimates  for  acquisition  programs 
has  been  widely  overrated.  It  should  be  axiomatic  that 
one  cannot  place  a price  on  ony  program  containing  any 
unknowns. 

- Contractor  eogerness  to  sell  long-term  acquisition  programs 
influences  low-side  cost  estimates. 

- Contracting  policies  ond  procedures  have  a tendency  to 
support  the  level  of  proposed  cost  estimates. 

- Competitive  pressures  of  concept /formulation/contract 
definition  have  led  to  over-optimistic  cost  estimates  for 
acquisition  ond  not  permitted  a hard  look  at  inherent 
pricing  uncertainties.  Parametric  cast  estimating  techniques 
offer  the  potential  for  improved  planning  of  cost  factors. 

The  lack  of  cost  data  base  information  for  prior  programs 
limits  the  accuracy  of  cost  predictions  for  current  ones. 

Original  cost  estimates  should  be  considered  only  as  base- 
lines and  should  be  revised  and  updated  across  the  system 
or  equipment  life  cycle. 
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The  Navy  and  Marine  Corps  Acquisition  Review  Committee 
Report  (1975)  is  the  most  complete  study  of  those  recently  undertaken. 
There  were  a total  of  254  recommendations  of  which  26  had  some 
direct  or  indirect  application  to  the  estimating  process.  The  Report 
states: 


"Existing  Navy  cost  estimating  staffs  are  professional, 
competent  and  produce  better  estimates  than  they  are 
generally  given  credit  for.  However,  they  are  under- 
staffed in  relation  to  their  workload  and  are  frequently 
required  to  develop  estimates  to  a very  tight  schedule 
on  the  basis  of  very  limited  data.  To  ensure  the  in- 
tegrity, completeness,  and  currency  of  cost  estimates, 
it  is  necessary  that  the  cost  estimating  groups  in  the 
Naval  Sea  Systems  Command  be  given  adequate  man- 
power and  improved  information  and  that  the  cost  data 
be  given  to  the  NSARC." 
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(4)  The  Shipbuilders  Council  Paper  Has  Only  Limited  Criticism  of 

Novy  Estimating  Procedures 

An  important  paper  developed  by  the  shipbuilding  industry  was 
issued  on  October  22,  1974  by  the  Shipbuilders  Council  of  America. 
It  was  titled  "A  Discussion  of  Navy  - Shipbuilding  Industry  Business 
Relationships"  which  summarized  the  testimony  presented  before  the 
Seapower  Committee  of  the  House  Committee  on  Armed  Services 
during  July  and  August  of  1974.  It  delineates  the  collective  views  of 
the  shipbuilders  having  Navy  contracts.  The  broad  spectra  of  problem 
areas  are: 

. Improving  overall  buyer/seller  relationship 

. Definition  of  ship  to  be  built 

. Realism  in  pricing  and  scheduling 

. Availability  of  Government  Furnished  Information  and 
Material 

. Recognition  of  cost  impact  of  delays 
. Relationships  of  change  orders 

. Proliferation  of  management  information  reporting  systems 
. Reasonableness  of  quality  assurance  requirements 

. Role  of  Defense  Contract  Audit  Agency 
. Needless  monitoring  of  contractor  purchasing  actions. 
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The  main  thrust  is  in  contracting  and  contract  administration. 
Hence,  only  a few  of  the  broad  SCA  recommendations  apply  directly 
to  NAVSEA  estimating  functions.  These  are: 

. Improve  accuracy  of  definition  of  ship  to  be  built 

. Improve  accuracy  of  forecasting  probable  costs 

. Provide  reasonably  for  known  and  unknown  contingencies 

. Realism  in  scheduling 

(5)  The  Studies  Indicate  A Commonality  Of  Importance  In  Navy 
Estimating  Factors 

A total  of  14  estimating  factors  were  selected,  the  definitions 
of  which  are  summarized  in  Table  B.2.  The  commonality  of  the 
various  acquisition  study  recommendations  and  areas  of  greatest  con- 
cern to  those  involved  in  developing  the  many  findings  are  best 
demonstrated  through  a matrix  of  the  studies  as  shown  in  Table  B.3, 
Summary  of  Major  Acquisition  Studies  Recommendations  Related 
Directly  or  Indirectly  To  The  Estimating  Process.  A brief  overview 
of  the  Table  readily  identifies  aspects  of  the  estimating  process  that 
were  of  greatest  concern  to  those  involved  in  developing  the  findings. 
For  example,  there  was  considerable  agreement  on  the  need  for  a 
clear  "Technical  Definition"  of  the  system  to  be  estimated.  Heavy 
emphasis  was  also  placed  on  the  need  for  a complete  "Data  Bank" 
as  well  as  the  "Economics  of  Shipbui Iding," which  are  very  basic  tools 
in  the  estimating  process. 
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TABLE  B.2 


ESTIMATING  FACTOR  DEFINITIONS 


Technical  Definition 

sufficient  definition  of  system  or  ship  to 
develop  class  of  estimate  desired 

Data  Bank 

estimating  information  for  use  as  cost  base, 
i.e.,  return  costs,  bid  data,  vendor  data, 
etc. 

Staff  Resources 

quality  and  quantity  of  staff  necessary  to 
produce  creditable  estimates  (and  costing 
function)  on  a timely  basis 

Staff  Training 

- 

staff  education,  updating  skills,  special 
assignments,  etc. 

Reserves 

- 

estimating  allowances,  margins,  change 
orders,  contingencies,  etc. 

Economics  of  Shipbuilding 

escalation,  marketplace,  BLS  indices,  profit 
considerations,  shortages  of  key  material, 
shipyard  interest,  etc. 

Documentation 

- 

history  of  estimates,  development  assump- 
tions, data  sources,  traceability,  etc. 

Review  and  Authentication 

- 

estimate  review  and  authentication  by 
higher  authority 

Realistic  Construction  Schedules 

■* 

realism  of  proposed  construction  time  and 
ability  of  contractors  to  meet  contract 
schedule 

Related  Costing  Functions 

— 

performance  of  cost  related  functions,  i.e., 
life-cycle  cost,  should-cost,  technical 
analysis  review,  etc. 

Centralized  Estimating 

- 

central  estimating  staff  in  each  command  vs. 
split  responsibility  throughout 

Classification  of  Estimates 

- 

grading  of  the  quality  of  the  estimates 
commensurate  with  requirement 

Budgeting  Process 

modify  estimates  to  reflect  program  and 
ship  definition  changes,  reduction  of 
budgets  below  estimates,  influences  other 
than  estimating 

Cost  Management  Control 

- 

follow-up  on  cost,  whether  cost  on  target, 
etc. 

TABLE  B.3 


SUMMARY  o1  MAJOR  ACQUISITION  STUDY  RE COMMtNDATlONS 
RELATED  DIRECTLY  OR  INplRiCUY  TO  THE  ESTIMATING  PROCESS 


Mojo-  Acouitition  Study  Title 
Source  Of  Study 


Cost  of  Novol  Ships 

(tureou  StX'd  A to  SECNAV) 

New  Construction  Cost  of  Mofoi  Worship 
iChief,  Novel  Operations  - Hollowoy) 

Eveluotiort  ol  the  Effectiveness  of  Ship 
Pro  cute  me  nt  Study 

|NAV$HPS  Procurement  Review  Gtoup  - 
S con I on  I 

Study  of  Economic  foctorj  Applicoble  to 
Shipbuilding 

(Center  of  Novel  Ano  lysis) 

Survey  of  Government  ond  InOuttiy  Eltimoting 
ond  Cost  Control 
(booz  - Allen) 

SCN  Pricing  ond  Control  Study 
(Chief,  Novol  Motetiol) 

Hue  R iboon  Detente  Pone  I 

(President  ond  Secretory  ol  Defense) 

Review  of  Ettimqting  Techniques  Within  DOD 
AS  PR  Pricing  Subcommittee) 

Orgoni  lotionol  Problems  in  SCN 
Procurement  System* 

ILtnter  fo»  Novol  Anolysil) 

Commend  Inspection  of  Novel  Ship  Systems 
Commond  Heodouorters 

(Chief,  Novel  Moteriol) 

Shipbuilding  ond  Conveision  Improvement 
Projiom  (SCID) 

(Chief,  Novol  Operation*) 

Acouisition  of  Moior  Weopon  Systems  * DOD 
fGAO: 


Estimpting  Considerations 


09-21-39  XXX  X 

12-01-67  XXX  X XXX  XX 

OI-X-69  XX  XX  X XX 


02-10-69  XXX  X 

% 

04-10-69  XXX 

04-69  XXX  X 

07-31-70  XXX  X 

C9-05-70  XX  XX 

09-21-70  X 

06- 10-71  XX  XXX 

07-7?  X XX 

07- 17-7?  XX  XXX 


Theory  ond  Practice  of  Cost  Ettimoting  Pen 
Moior  Acquisitions  in  DOD  (GAO) 

Repot t of  the  Commission  on  Govemmeni 
Prowrement 

(Industry  - Govt,  Public  Low  91-129) 
Study  of  Cost  £ sco lot  ion 

(DOD) 

Discussion  of  Novy  Shipbuilding  Industty 
business  Relotionships 

(Shipbuilders  Council  of  Amerieo) 

Report  of  the  Novy-Mo>i»*e  Corp 
Acquisition  Review  Committee  INMARO 
(SECNAV) 

Pinonciof  Inflotion  Monojrement  Plonning 
Group  Study  IASN) 

Report  of  the  Acquisition  Advisory  Group  to 
S*  ere  rat  y of  Defense 

(Deputy  Secretory  of  Defense) 

Finonctel  Stotus  of  Mojo*  Acquisitions  os 
of  June  30,  1976 
(GAO) 

IMA  RECOMMENDATION  CATEGORIES 


07-24-72  X 

12-72  X 

03-73  X X 

10-22-74  x X 

01-75  XXX  X 

04- 1 1-75  X X 

09-30-75  X 

0MS-77  X X 

10-77  XX  XXX 


XX  X 

X 

X X 

X 

XX  XXX  XX  XX 

X X 

XX  XX 

' X X 

XX  XXX  XX  XX 


NOTE'  (1 ) Those  morRed  X'ore  of  speeiol 

sipnificonce  in  th#  estimoting  procu’.s 
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Many  findings,  for  example  those  in  the  Bureau 
of  Supplies  and  Accounts  "Cost  of  Naval  Ships"  study  completed  in 
1939,  are  essentially  valid  today.  While  some  of  the  recommendations 
in  each  study  have  been  implemented,  particularly  those  which  can  be 
accomplished  at  the  operating  level,  many  recommendations  requiring 
significant  changes  in  the  acquisition  process  at  higher  management 
levels  are  more  difficult.  For  example,  adequate  definitions  of  re- 
quirements and  sufficient  time  allowed  for  estimating  become  short- 
changed during  phases  of  fluid  planning  and  programming.  These  are 
not  abnormal  conditions,  but  at  least  should  be  absolutely  minimized. 

It  is  also  interesting  that  several  reports  recognize  the  vagaries 
of  the  estimating  process,  and  further  indicate  that  estimating  is  not 
always  the  cause  of  overruns.  The  GAO  Report  of  January  18,  1977 
on  Financial  Status  of  Major  Acquisitions  as  of  June  30,  1976  (covering 
fully  or  partially  Government  funded  major  programs)  indicates  that  an  average  of 
only  6.0  percent  of  the  $150.9  billion  overrun  of  201  civil  and  defense 
acquisition  programs  with  total  original  value  of  $249.6  billion  is 
attributed  to  estimating.  The  balance  is  due  to  quantity  changes,  engin- 
eering, support,  schedules,  economic  changes,  and  sundry  such  as 
environmental  costs. 
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2. 


THE  NAVY  IS  CONTINUING  ITS  EFFORTS  TO  RESOLVE  THE  ISSUES 


A study  group  in  the  Office  of  the  Assistant  Secretary  of  the  Navy 
(Installations  and  Logistics),  ASN  (I  &L)  has  been  established  and  with  the 
assistance  of  a private  contractor  is  currently  addressing  all  the  problems 
brought  forth  by  the  U.S.  shipbuilding  industry.  The  purpose  of  the  study 
is  to  improve  the  Navy-industry  management  practices  and  business  rela- 
tionships, with  the  goal  of  avoiding  or  at  least  limiting  future  claims. 

The  initial  phase  of  this  Navy  study  will  document  the  various  views 
and  problems  of  the  industry  already  indicated  in  the  many  past  studies 
relating  to  Navy-industry  acquisition  problems.  The  study  group  will  also 
review  and  document  the  views  of  the  Navy  on  what  has  been  done,  what 
is  being  done  and  what  could  be  accomplished  to  improve  the  general  busi- 
ness environment.  After  completion  of  the  preliminary  findings,  a series  of 
meetings  are  planned  with  the  industry  in  an  endeavor  to  resolve  the  many 
controversial  issues. 
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3. 


MANY  OF  THE  STUDY  RECOMMENDATIONS  HAVE  BEEN  IMPLE- 

MENTED IN  WHOLE  OR  PART  AND  CERTAIN  IMPROVEMENTS  ARE 
WARRANTED 

Each  of  the  14  estimating  factors  listed  in  Table  B.2  are  analyzed  and 
discussed  in  terms  of  the  past  study  recommendations.  Each  analysis  includes 
a brief  definition  of  the  factor  and  a discussion  of  its  importance  and  practi- 
cality in  the  estimating  process.  Finally,  conclusions  are  offered  indicating 
to  what  degree  the  present  estimating  practices  follow  the  more  important  study 
recommendations  and  what  improvements  if  any,  are  believed  necessary.  These 
individual  analyses  of  each  estimating  factor  are  included  in  this  appendix. 


Highlights  of  the  conclusions  on  each  estimating  factor  are  offered: 

Technical  Definition  - A sufficient  definition  of  the  system  or  ship  should 
be  required  to  maximize  the  quality  of  the  estimate. 

Data  Bank  - A continuing  system  of  updating  and  upgrading  the  estimating 
data  bank  should  be  developed. 

Staff  Resources  - Additional  staffing  with  experienced  personnel  is 

required  to  meet  the  many  estimating,  budgeting  and  analysis 
requirements. 

Staff  Training  - An  excellent  training  program  exists  which  should  be 

supplemented  with  additional  on-site  field  assignments  for  which 
sufficient  funds  should  be  provided. 

Reserves  - With  unpredictable  cost  trends  continuing,  sufficient  margins 
and  reserves  should  be  provided.  This  is  especially  true  where 
less  than  Class  "C"  estimates  are  provided. 

Economics  of  Industry-  Acquisition  of  current  industry  economic  infor- 

mation  including  that  from  shipyards,  SupShips  and  Navy  Auditors 
should  be  accelerated. 


B-36 


Documentation  - This  is  being  currently  required  in  NAVSEA;  however, 
it  is  not  always  being  accomplished  and  the  importance  of  de- 
veloping and  maintaining  records  to  cover  each  phase  of 
the  weapon  system  and  GFM  estimating  process  cannot  be 
overemphasized. 

Review  and  Authentication  — Adequate  procedures  to  cover  program 
estimates  are  established  and  no  further  action  is  required. 
However,  higher  level  reviews  of  budget  estimates  are  lack- 
ing and  should  be  established. 

Realistic  Construction  Schedules  - Due  to  the  importance  of  develop- 
ing realistic  construction  award  and  completion  schedules, 
improvements  in  predicting  correct  schedules  are  required. 
Failing  this,  funding  margins  should  be  provided  for  contin- 
gen  cies. 

Related  Costing  Functions  - Compliance  with  existing  directives  is 
not  being  met  due  to  time  and  staff  limitations.  This  con- 
dition may  be  improved  by  assignment  of  selective  cost  related 
functions  to  non- cost  estimating  groups  or  by  necessary  staff 
increases  within  NAVSEA  01 G. 

Centralized  Estimating  - This  responsibility  within  NAVSEA  and  the 
delegation  of  SEA  01 G as  the  focal  point  for  all  estimates 
has  been  complied  with. 

Classification  of  Estimates  - A estimate  classification  system  has  been 
established  since  1969  and  is  in  use  but  needs  more  stringent 
criteria  for  budget  quality  estimates. 

Budget  Process  - Despite  the  complications  and  policies  of  developing 
acquisition  programs,  the  budgeting  process,  as  a key  element, 
must  reflect  professional  estimates  within  which  the  programs 
may  be  successfully  completed  with  a minimum  risk  of  claims 
or  budget  overruns. 

Cost  Management  Control  - There  is  no  continuing  flow  of  program 
cost  management  control  information  into  NAVSEA  01 G. 

This  is  developed  on  an  ad  hoc  basis  whenever  considered 
necessary  in  preparing  estimates. 
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1.  TECHNICAL  DEFINITION 


This  relates  to  sufficient  definition  and  details  of  system  or  ship  to 
develop  class  of  estimate  desired. 

Discussion 

This  is  one  of  the  three  most  important  estimating  factors,  together  with 
"Data  Bank"  and  "Economics  of  Industry".  It  has  been  cited  in  the  majority 
of  study  findings  and  its  adverse  impact  on  credible  budget  estimating  continues. 

Solution  of  the  problem  is  inherently  hampered  by  the  PPB  System;  the 
rapid  changing  of  ship  programs  in  the  POM  and  Budget  brought  about  by  late 
or  changed  decisions  on  what  the  Navy  Program  is  to  be;  and  stopping  design 
development  when  a design  is  slipped  or  dropped  from  a program. 

Review  of  the  ship  cost  classification  system  , separately  discussed 
in  this  appendix,  has  highlighted  the  fact  that  new  and  repeat  ship  programs 
frequently  go  to  budget  with  less  than  Budget  Quality,  Class  "C"  estimates. 

The  lack  of  firm  definitized  characteristics  and  inadequate  ship  definition  are 
two  of  the  major  impediments  to  budget  quality  estimating. 

Some  previous  attempts  by  NAVSEA  to  bring  about  improvement  have 
not  been  successful,  namely: 
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Budget  for  a separate  contingency  factor  for  less  than  Class  "C" 
estimates. 

Have  OPNAV  initiate  the  POM/&UDGET  process  in  a timely 
manner  as  required  in  existing  instructions. 

Conclusion 

It  is  axiomatic  that  unless  the  ship  or  systems  are  adequately  defined 
and  scoped,  the  best  cost  estimating  system  cannot  properly  develop  costs. 

A dedicated  effort  within  Navy,  at  all  cognizant  echelons, 
must  be  made  to  assure  a sufficient  definition  of  the  system  or  ship  to  maximize 
quality  of  the  estimate.  Where,  in  the  realities  of  planning  and  budgeting, 
it  becomes  necessary  to  rapidly  change  programs  and  a less  than  Class  "C" 
estimate  may  only  be  produced, the  budget  should  include  a separate  contingency 
factor. 
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2. 


DATA  BANK 


This  relates  to  comprehensive  central  cost  estimating  information  for 
use  as  a cost  base,  such  as  returned  shipyard  costs,  detailed  bid  cost  breakdowns, 
vendor  data,  priced  purchase  orders,  etc. 

Discussion 

This  is  also  a primary  estimating  factor  and  was  cited  in  most  of  the 
studies.  A commercial  shipyard  in  the  preparation  of  a "will-cost"  estimate 
has  the  following  information  available: 

. Bidding  specifications 

. Contract  plans 

. Hundreds  of  vendor  quotations  for  equipment 

described  in  specifications 

. System  sketches  prepared  from  contract  plans 

. Ship  weight  breakdown  by  job  accounts 

. Manpower  requirements  by  division 

. Returned  labor  man-hours  by  job  accounts 

. Current  and  projected  labor  rates 

. Current  and  projected  overhead  rates 

Vendor  material  and  equipment  quotations  and  returned  labor  man-bour 
accounts  and  material  costs  are  of  prime  importance.  While  NAVSEA  initiated 
the  process  of  obtaining  vendor  quotations  several  years  ago,  a review  of  the 
estimating  techniques  indicate  the  data  bank  needs  updating  and  upgrading. 
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While  realizing  the  deJcy  factor  and  the  interweaving  of  claim  costs,  continued 
emphasis  on  returned  costs  should  be  made  and  the  data  analyzed  and  converted 
to  usable  form  to  replace  dependency  on  former  bids  and  in-house  estimates. 

Some  of  the  bid  data  available  to  NAVSEA  is  in  insufficient  detail  to 
undertake  meaningfull  trade-off  studies  or  to  permit  unit  estimating.  In  addition, 
discussions  with  SEA  01 G indicate  occasional  difficulties  in  consistently  ob- 
taining sufficient  detailed  contractors'  cost  data  through  the  Contracts  Directorate 
and  Program  Managers.  This  detailed  cost  information  is  a vital  tool  in  the 
development  of  credible  estimates  and  Contract  Cost  Analyses. 

Conclusion 

NAVSEA  should  develop  a continuing  system  of  updating  and  upgrading 
its  data  bank  through  the  use  of  current  returned  costs  and  other  data  which 
should  be  computerized  for  retrieval.  Additional  staffing  will  be  required. 

In  addition,  all  contractors'  cost  data,  whether  from  bids  or  returned  costs, 
should  be  automatically  made  available  to  the  Command's  cost  estimating  focal 
point,  SEA  01 G,  for  input  into  its  data  bank. 
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3. 


STAFF  RESOURCES 


Concerns  the  need  for  quantity  and  quality  of  personnel  required  to 
produce  credible  cost  estimates  on  a timely  basis  as  well  as  perform  the 
other  costing  functions  separate  from  cost  estimating. 

Discussion 

The  need  has  been  addressed  in  the  SCN,  NMARC  and  other 
studies.  As  a result  of  the  1969  SCN  study,  improvements  were  made 
by  establishing  a Ship  Cost  Analysis  Group  in  1970  to  provide  needed 
support  to  Ship  Cost  Estimators.  Subsequently,  however,  there  has  been 
a continued  reduction  in  personnel  with  an  attendant  increase  in  costing 
functions.  The  NMARC  study  in  1975  made  note  of  this  fact  as  diluting 
the  basic  acquisition  cost  estimating  responsibility  by  adding  succinct 
functions  such  as  Life  Cycle  Cost,  Economic  Forecasting,  etc.,  without 
added  resources.  NMARC  states: 


"Existing  Navy  cost  estimating  staffs  are  professionally 
competent  and  produce  better  estimates  than  they  are 
generally  given  credit  for.  However,  they  are  under- 
staffed in  relation  to  their  workload  and  are  frequently 
required  to  develop  estimates  to  a very  tight  schedule 
on  the  basis  of  very  limited  data.  To  ensure  integrity  . .. 
it  is  necessary  that  cost  estimating  groups  in  the  Naval 
Systems  Commands  be  given  adequate  manpower  and 
improved  information...  " 
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As  the  result  of  the  NMARC  recommendation,  SYSCOMS 
were  directed  to  submit  a staffing  plan  to  support  the  assigned  costing 
functions.  COMNAVSEA  memo  to  VCNM  in  July,  1975  stated  that 
an  increase  of  22  persons  would  be  needed  over  a three  year  period. 

As  an  example  of  the  present  deficiency,  the  entire  NAVSEA  Command 
does  not  have  a specific  billet  assigned  for  Life  Cycle  Cost,  Should 
Cost,  and  Cost  Monitoring. 

Due  to  the  continued  decrease  in  NAVSEA  ceilings,  the 
planned  increases  for  Cost  Estimating  and  Analysis  were  to  be  addressed 
as  a separate  budget  issue.  An  additional  budget  for  FY  1978  was 
submitted  wherein  nine  additional  people  were  requested  for  Cost 
Estimating  and  Analysis.  While  the  request  was  approved  with  some 
slight  reduction  in  numbers,  no  additional  ceiling  was  assigned. 

The  review  of  NAVSEA  01 G staff  indicates  that  the  numbers 
of  personnel  fluctuate,  the  level  of  experience  has  materially  de- 
creased during  the  past  years,  and  additional  supervisory  level  staff 
is  required.  Also,  there  is  a lack  of  broad  shipyard  experience; 
while  this  lack  is  understandable,  nevertheless  it  should  be  corrected 
in  considering  additional  staff. 
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The  staffing  problem  is  compounded  when  considering  additional 
recent  needs  for  improvement  in  Operating  and  Support  Costing  and  a 
proposed  PMS  399  improvement  plan  for  GFM.  In  addition,  the  afore- 
mentioned efforts  have  addressed  NAVSEA  01 G as  the  NAVSEA  central- 
ized cost  estimating  group. 

Conclusion 

The  caliber  of  key  personnel  in  01 G is  excellent  and  there  is  a 
solid  base  on  which  to  strengthen  certain  functions  and  procedures. 
Despite  the  prior  recommendations  and  staff  budgeting  attempts,  NAV- 
SEA has  not  assigned  any  increase  in  staffing.  Action  is  required. 
Furthermore,  every  effort  should  be  made  to  recruit  experienced  ship- 
yard estimators  in  filling  higher  grade  positions. 
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4. 


STAFF  TRAINING 


Concerns  the  method  of  improving  the  capabilities  of  personnel  through 
education,  updating  skills,  special  assignments,  seminars  and  other  specialized 
training  for  the  various  costing  functions  on  a continuing  basis. 

Discussion 

This  subject  was  covered  in  studies  by  the  Blue  Ribbon  Defense 
Panel  (1970),  Office  of  Management  and  Budget  (1976),  NMARC  (1975), 
and  CNM  Inspection  of  NAV5HIPS  (1972). 

NAV5EA  01 G Training  Plan  has  been  in  existence  since  1971 
and  has  as  its  key: 

. An  identification  of  succinct  skill  and  knowledge 

requirements  for  each  functional  position. 

. A directory  of  training  available  for  each  skill  and 

knowledge  requirement. 

. A procedure  to  determine  the  extent  requirements 

have  been  acquired  on  an  individual  basis. 

. A planned  approach  toward  directing  training  on 

a custom  basis  for  each  individual. 

The  NAVMAT/SYSCOM  Cost  Estimating  Improvement  Group 
has  established  a formal  one-week  introductory  training  course,  it 
conducts  seminars  on  a yearly  basis^and  holds  monthly  lectures  in  costing 
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subjects.  It  is  understood  that  96  percent  of  NAVSEA  01  G personnel 
have  received  training,  averaging  65  hours  per  employee.  This  training 
is  also  available  to  non-cost  estimators  who  have  a need  for  related  traini 

A review  of  existing  NAVSEA  01 G staff  backgrounds  indicates 
a high  level  of  education,  but  with  very  limited  experience  in  shipyard 
or  other  practical  areas.  Training  and  experience  in  the  shipbuilding 
process  are  vital  to  development  of  proper  judgment  in  estimators. 

Field  assignments  of  sufficient  duration  in  shipyards  should  be  provided 
to  selected  career-caliber  cost  estimators  as  means  of  acquiring  esti- 
mating judgments. 

New  personnel  entering  as  Engineer-In-Training  (EIT)  Program 
are  assigned  to  a shipyard  for  a period  of  one  to  three  months.  Travel 
funds  are  stated  to  be  limited,  which  precludes  longer  periods  of  on- 
site training  of  EITs  and  also  periodic  field  assignments  of  the  regular 
SEA  01 G staff. 

Conclusion 

SEA  01  G has  an  excellent  training  program,  which  should  be 
supplemented  with  additional  on-site  field  assignments  for  all  personnel 
to  acquire  practical  shipbuilding  and  estimating  experience.  Sufficient 
travel  funds  should  be  provided  for  this  program. 


5. 


RESERVES 


Concerns  the  provision  of  separately  identified  funds  in  the  estimate 
to  cover  estimating  allowances  for  margins,  future  ship  characteristic  changes, 
change  orders,  and  other  growth  reserves. 

Discussion 

Shipyard  estimators  inherently  provide  various  margins,  usually  of 
finite  magnitude  based  on  experience  trends.  These  could  provide  for  material 
scrappage,  margin  for  labor  productivity  in  terms  of  manhours  required  and  the 
like.  However,  Navy  budget  estimates  for  total  program  cost  also  include 
additional  reserves  such  as  for  change  orders,  escalation,  PM's  growth  factor, 
etc. 


Several  of  the  earlier  studies  indicate  the  need  for  adequate  reserves 
as  well  as  contingencies  based  on  the  recent  great  unpredictability  of  major 
weapon  acquisition.  These  studies  are  NAVSHIPS  Procurement  Review  Group 
(1969),  AS  PR  Pricing  (1970),  SCIP  (1972),  NMARC  (1975)  and  Acquisition 
Advisory  Group  (1975).  Estimates  for  naval  shipbuilding  in  particular  need 
adequate  use  of  reserves  due  to  the  long  construction  period,  technological 
uncertainty, and  other  risks.  As  a general  policy,  the  executive  and  legislative 
branches  of  Government,  as  well  as  the  reviewing  budget  analysts  within  DOD, 
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do  not  like  margins,  reserves,  or  contingencies  as  they  are  considered  to  inflate 
the  national  budget.  Further,  a Program  Manager  may  want  limited  reserves 
as  a means  of  authorizing  a larger  ship  program  within  a predetermined  dollar 
ceiling. 


Some  of  the  funds  normally  required  as  reserves  could  be  more  specifi- 
cally included  in  the  base  estimate  through  a more  complete  product  definition 
and  a full  understanding  of  the  many  economic  factors  that  affect  shipbuilding 
costs  which  vary  from  shipyard  to  shipyard  and  from  region  to  region.  This 
would  not  necessarily  reduce overal I budget  estimates,  but  would  limit  the 
funds  specifically  set  aside  for  usual  reserves  and  margins. 

Due  to  inherent  characteristics  of  naval  shipbuilding,  there  is  a valid 
reason  for  a contingency  for  risks  and  unforeseen  events  that  could  materialize 
during  the  long  design  development  and  construction  time.  Such  contingency 
funds  would  have  visibility  as  a lump  sum  against  the  total  SCN  program  and 
would  be  managed  by  COMNAVSEA  through  specific  program  managers. 

This  would  be  particularly  valid  if  the  budget  cost  was  based  on  less  than  a 
class  "C"  estimate. 
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Conclusion 


With  unpredictable  cost  trends  continuing  in  the  near  future  and  with 
the  nature  of  the  naval  shipbuilding  process,  it  is  necessary  to  include  sufficient 
reserves  or  margins  in  all  budget  estimates.  In  addition,  efforts  should  continue 
to  have  the  concept  of  a separate  contingency  allowed  in  budgeting  of 
naval  ships,  especially  if  the  costs  are  based  on  less  than  "C"  quality 
estimates. 
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6. 


ECONOMICS  OF  INDUSTRY 


Concerns  escalation,  marketplace,  BLS  information,  profit  considera- 
tions, shortages  of  key  material,  shipyard  interest  and  others. 

(1)  Discussion 


This  is  one  of  the  major  factors  affecting  the  capability  of  preparing 
quality  estimates  and  is  emphasized  in  most  of  the  20  reviewed  studies. 
Especially  important  is  the  recent  rapid  growth  in  overhead,  an  error  in 
which  could  drastically  change  an  otherwise  good  manpower  estimate. 
Typical  "Economics  of  Industry"  estimating  factors  to  consider  are: 

. Escalation 

. Labor  rates  and  trends 

. Productivity 

. Market  Analysis 

. Material  Inflation 

. Skilled  labor  availability 

. Training  programs 

. Learning  curves 

. Administrative  cost  due  to  Navy 

. Metrication 

. Pollution  abatement 
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OS  HA 


EEO 

Energy  costs 
Fringe  benefits 
Social  Security  taxes 
Ship  scheduling 
Profit 


The  Cost  Analysis  Branch  of  SEA  01 G was  established  to  develop  and 
predict  these  many  factors  for  the  Cost  Estimating  Division.  Its  staff 
is  numerically  insufficient  to  adequately  monitor  and  predict  all  econ- 
omic changes.  Its  efforts  in  the  more  important  areas  are: 

. Material  inflation  guidance  based  on  inputs  from  the 

leading  marine  equipment  manufacturers  in  lieu  of  the 
BLS  wholesale  price  indicesis  expected  to  provide 
a more  realistic  measure  of  inflation; 
however,  a greater  information  response  from  industry 
is  desirable. 

. Labor  rate  predictions  are  thorough  and  consistent.  It 

is  suggested  that  data  be  supplemented  by  the  use  of 
current  information  from  shipyards  and  Navy  auditors. 

. Overhead  increases  yearly  and,  with  its  many  variables, 

is  an  important  factor.  The  Branch  has  developed  a com- 
puter model  with  130  Items  and  proposes  at  least  one 
model  for  every  shipbuilding  region  in  the  country. 

Branch  capabilities  can  be  increased  by: 

Completing  proposed  overhead  models 

Increase  data  base  from  shipyards 
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- Determine  yards'  plans  for  future  major  facilities 

- Provide  for  overhead  costs  caused  by  contract 
extensions  beyond  assumed  present  seven  months 
delay 

Escalation  computer  programs  have  been  developed  by 
the  Branch  and  the  new  "Marshall"  contract  escalation 
clause  was  issued  in  1975  which  corrected  many 
inequities. 

Market  analysis  is  conducted  by  the  Branch  to  predict 
workload  two  years  in  advance.  This  hopefully  indicates 
those  yards  most  likely  to  bid  or  negotiate,  which  in 
turn  permits  a more  accurate  estimate  of  yard  conditions 
and  their  reflection  of  ship  pricing.  It  may  also  enable 
o more  dependable  estimate  of  construction  schedules. 

Productivi ty  has  generally  decreased  due  to  many  factors, 
one  of  which  is  reduction  in  experienced  career  employees. 
NAVSEA  has  already  been  adding  decreased  productivity 
factors  to  its  manhour  projections.  Due  to  the  sensitivity 
to  total  costs,  more  current  productivity  information  should 
be  obtained  from  shipyards  and  other  sources  as  a means 
of  judging  trends. 

Learning  curves  are  a critical  factor  in  estimating  multiple 
ship  program  costs,  but  mechanization  and  changes  in  the 
industry  are  destroying  former  curve  projections'.  The 
present  practice  of  using  cumulative  average  learning 
curves  for  guidance  should  be  modified  by  analysis  of 
returned  costs  of  recently  completed  ships. 

Profit  provisions  comply  with  ASPR  rules  which  consider 
provisions  for  risk,  level  of  performance  and  development 
of  facilities.  Current  profit  quotations  are  tracked  and 
the  present  guidance  is  considered  adequate.  Changes 
in  profit  application  may  result  from  "Profit  ’76"  study. 


There  are  many  other  economic  and  cost  factors  that  interlock 
with  those  dicsussed  above,  such  as  the  effect  of  OSHA,  energy  costs, 
EPA,  and  taxes  on  shipyard  overhead.  The  review  indicates  a gen- 
eral lack  of  firm  data  on  the  potential  impact  of  these  factors. 

Current  economic  and  cost  data  input  needs  improvement  to  store 
and  retrieve  in  a readily  available  form.  Again,  additional  staff 
with  varying  skills  will  be  required  to  supply  current  economic  factors 
necessary  in  developing  quality  and  timely  estimates. 

(2)  Conclusion 

Sound  economic  and  cost  projections  are  vital  in  developing 
a quality  estimate.  This  can  best  be  accomplished  through  continued 
acquisition  of  current  industry  economic  information,  including  that 
from  the  shipyards,  SupShips  and  Navy  auditors.  The  analysis, 
storage,  retrieval  and  application  of  this  information  and  maintenance 
on  a current  basis  will  require  additional  staffing. 

7.  DOCUMENTATION 

This  relates  to  maintaining  complete  records  covering  the  entire  history 
of  estimates,  their  development,  assumptions  and  data  sources,  including 
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modification  and  reasons  therefor. 


(1)  Discussion 

An  estimate  of  a major  weapon  system  is  prepared  in  good  faith 
based  on  the  best  available  data.  At  some  later  period,  usually  when 
higher  costs  or  overruns  become  evident,  the  quality  of  these  estimates 
are  frequently  challenged. 

Several  of  the  acquisition  studies  such  as  SCN  Study  (1969), 

AS  PR  Pricing  (1970),  GAO  Estimating  in  DOD  (1972),  GAO  Acquisition 
of  Weapon  Systems  (1972),  NMARC  (1975)  and  Acquisition  Advisory 
Group  (1975)  emphasize  the  requirement  for  good  documentation.  This 
overall  report  on  “Ship  Acquisition  Cost  Estimating  in  the  Naval  Sea 
Systems  Command"  and  its  relation  to  ship  cost  overruns  is  ample  reason 
to  fully  document  every  step  of  the  estimating  process. 

Documentation  is  required  by  DOD  and  most  recently  covered 
in  NAVMAT  INST  7000. 19A  of  30  July  1976.  A standard  COST 
ESTIMATE  DOCUMENTATION  SUMMARY  FORM  (NAVMAT  7000/2 
7/76)  sets  forth  the  information  to  be  furnished.  This  is  for  use  out- 
side of  NAVSEA.  This  summary  covers  only  the  highlights,  namely: 

. Technical  Characteristics 

. Cost  and  Procurement  Assumptions 

. Developmental  and  Risk  Considerations 
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There  is  also  a more  detailed  documentation  developed  for  internal 
SEA  01 G use,  which  goes  into  greater  depth.  Good  records  must 
indicate  every  phase  of  an  estimate  development,  including  not  only 
the  basic  items  covered  in  NAVMAT  7000/2,  but  also  all  data  sources 
and  input,  modifications  whether  made  by  SEA  01 G or  others,  and 
directives  affecting  the  estimate,  from  early  planning  to  conclusion. 

This  compels  those  developing  programs  and  estimates  to  fully  justify 
decisions.  Good  documentation  is  the  estimator's  tool  as  a means  of 
reconstructing  events  at  a later  date. 

The  1969  SCN  Study  prompted  NAVSEA  to  develop  a documen- 
tation program  prior  to  OPNAV  and  NAVMAT  directives  in  1973.  It 
is  also  necessary  to  document  cost  estimates  of  major  GFM  for  which 
NAVSEA  7300/4  form  has  been  developed.  SEA  01 G has  three  staff 
members  who  review  GFM  pricing  information  for: 

. Inflation  rates 

. Learning  curves 

. Inclusion  of  proper  support  costs 

(2)  Conclusions 

Documentation  is  being  only  partially  practiced  in  NAVSEA. 

Its  importance  warrants  that  complete  centralized  records  be  maintained 
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to  cover  every  phase  and  element  of  the  entire  estimating  process  in- 
cluding GFM.  In  addition,  all  modifications,  whether  made  by  NAV- 
SEA  or  others,  and  the  reasons  therefor  should  be  recorded.  The 
documentation  information  should  be  readily  available  and  main- 
tained for  a sufficient  period  of  time. 

8.  INDEPENDENT  REVIEWS  AND  AUTHENTICATION 

This  relates  to  the  review,  rationalization  and  acceptance  of  an 
estimate  by  a higher  authority. 

(1 ) Discussion 

Several  of  the  studies,  namely  ASPR  Pricing  (1970),  two  GAO 
(1972)  and  NMARC  (1975)  advocate  an  independent  review  of  esti- 
mates. At  the  same  time  NMARC  recommends  a reduction  in  layering 
of  cost  estimating  and  layering  of  the  review  and  analysis  of  cost  estimates. 

The  need  for  independent  reviews  is  highlighted  by  the  problem 
of  cost  credibility  which  is  facing  the  military  services.  NAVSEA  and 
the  other  SYSCOMS  within  NAVMAT  have  established  review  pro- 
cedures. After  review  and  authentication  by  CNM,  budget  estimates 
are  transmitted  to  NAVCOMPT  for  final  Navy  coordination  and  review. 

The  Systems  Analysis  Division  (OP  96)  also  makes  and  validates  estimates 
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in  support  of  the  DSARC  process,  but  does  not  validate  budget  estimates. 


NAVMAT  INST  7000. 19A  (30  July  1976)  specifically  requires 
that  every  official  major  weapon  system  cost  estimate  transmitted  out- 
side the  Naval  Material  Command  must  be  documented  by  the  originator 
of  the  estimate,  reviewed  by  the  applicable  SYSCOM  CAEG  and 
authenticated  in  writing  by  CNM.  Authentication  involves  all  aspects 
of  the  estimate  with  special  reference  to  policy,  technical  definition, 
rationality  and  overall  reasonableness. 

Each  estimate  is  also  subject  to  a SYSCOM  review  for  POM^ 
Budget  submission.  In  NAVSEA,  all  SEA  01  G estimates  are  reviewed 
by  SHAPM,  with  unresolved  differences  submitted  to  COMNAVSEA 
for  resolution.  There  is  also  a Budget  Review  Board  consisting  of  NAV- 
SEA Directorates;  however,  it  is  not  staffed  to  perform  detailed  re- 
views of  ship  estimates. 

(2)  Conclusion 

There  are  no  procedures  established  for  complete  independent 
reviews  and  authentication  of  ship  end  cost  budget  estimates  by  higher 
authorities.  It  is,  therefore,  suggested  that  a higher  level  review  be, 
made  of  each  budget  estimate  prior  to  being  submitted  to  DOD. 
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9. 


REALISTIC  CONSTRUCTION  SCHEDULES 


This  relates  to  realism  of  proposed  construction  times,  ability  of  con- 
tractors to  meet  schedules  and  ability  to  award  contracts  at  the  approximate 
time  anticipated  in  developing  the  budget.  While  construction  schedules  are 
not  a cost  estimating  function,  the  preparation  of  these  schedules  by  other 
offices  has  a significant  impact  on  the  final  estimate. 

(1)  Discussion 

One  of  the  significant  cost  drivers  is  the  general  inability  to 
meet  the  budgeted  construction  contract  date  and  the  expected  com- 
pletion time.  For  example,  CVN  69  will  have  an  anticipated  cost 
overrun  of  about  52  percent,  a significant  segment  of  which  is  due  to 
shifting  labor  application  caused  by  a 3-1/4  year  delay  in  ship  com- 
pletion. The  impact  of  incorrect  delivery  date  predictions  in  the 
estimate  is  evident. 

Five  of  the  major  Acquisition  Studies,  including  SCN  (1969), 
NMARC  (1975)  and  OMB  (1976)  were  emphatic  that  estimates  should 
be  based  on  realistic  construction  schedules.  Other  than  delays  accepted 
under  the  contract  which  are  beyond  the  control  of  the  contractor,  there 
are  a number  of  other  basic  causes  for  not  meeting  schedules,  namely: 
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. Design  changes  during  construction 

. Over-optimism  by  contractor 

. Over-optimism  by  Navy  estimators 

. Over-optimism  by  Navy  program  planners 

. Late  and  defective  GFM 

. Capability  and  performance  of  shipyard 

Over-optimism  by  the  contractor  is  frequently  and  unwisely 
motivated  by  the  desire  to  meet  Navy  program  objectives.  The  Navy 
planner  may  sometimes  establish  unrealistic  ship  schedules  in  his  real  to 
meet  national  defense  requirements  and  to  obtain  necessary  appropriations, 
although  awards  may  be  delayed. 

Over-optimism  in  developing  construction  schedules  usually 
stems  from  insufficient  information  on  shipbuilders'  capabilities,  economics 
of  the  industry  and  general  market  conditions.  Even  though  the  estimate 
may  provide  for  an  attainable  building  schedule,  delays  in  making  the 
award  also  occur.  NAVSEA  estimates  for  contract  escalation  usually 
provide  margins  for  a possible  seven  months  delay  factor.  This  may  be 
insufficient  until  shipbuilders  with  historical  records  of  delay  work  off 
their  backlogs  and  demonstrate  ability  to  meet  present  anticipated  schedules. 
Unfortunately,  many  shipbuilders  have  difficulties  in  meeting  both 
naval  and  commercial  contract  delivery  dates,  hence  the  issue  is 
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critical.  The  capability  of  the  shipyard  to  meet  schedules  is  largely 
dependent  upon  adequate  management,  labor  availability  and  pro- 
ductivity, facilities  and  engineering. 

It  is  apparent  that  realistic  ship  construction  schedules  are 
essential  for  quality  estimating.  Predicting  the  capability  of  the  ship- 
building industry  to  build  specific  ships  at  specific  times  is  the  responsi- 
bility of  the  Industrial  Activity  Work  and  Resources  Planning  Division 
(SEA  071).  While  this  Division  has  other  resource  planning  work,  the 
importance  of  accurate  ship  schedules  leads  to  the  belief  that  both 
SEA  071  and  SEA  01 G be  merged  either  organizationally  or  placed 
under  a common  supervisor,  as  was  the  case  several  years  ago. 

In  addition,  an  expanded,  in-depth  development  of  ECONOMICS 
OF  INDUSTRY  information  will  assist  in  projecting  more  realistic  con- 
struction schedules. 

(2)  Conclusion 

Due  to  the  importance  of  developing  realistic  construction 
award  and  completion  schedules,  the  following  action  is  desirable: 

. Develop  in-depth  information  and  analyze  factors  relating 

to  individual  shipyard  performance  and  the  ability  to 
meet  proposed  schedules. 


B-60 


. Budget  estimates  should  be  based  on  the  latest  and 

best  available  judgment. 

. SEA  071  and  SEA  01 G should  be  merged  organizationally 
or  placed  under  a common  supervisor  with  shipbuilding 
responsibi  lities. 

. Program  contracting  dates  should  be  met  or  additional 

funding  margin  provided  for  contingencies. 

10.  RELATED  COSTING  FUNCTIONS 

This  is  the  performance  of  Related  Costing  Functions,  or  more  specifically, 
related  cost  estimating  and  analysis  functions  where  some  aspect  of  acquisition 
costing  is  involved,  such  as  life  cycle  cost,  should  cost,  technical  analysis 
review  (TAR),  economic  analysis,  design  to  cost,  field  audits  and  other 
techniques  to  improve  the  overall  acquisition  estimating  process. 

(1)  Discussion 

There  are  numerous  related  cost  estimating  and  analysis  functions 
that  NAVSEA  is  required  to  perform  under  various  directives.  The 
descriptions,  directives  and  responsibilities  are  covered  in  greater 
detail  in  another  section  of  this  report.  The  related  costing  function 
importance  has  been  particularly  noted  in  the  NMARC  Study  (1975). 

This  study  recognized  the  need  for  various  cost  analysis  efforts  and 
stated  that  many  functional  responsibilities  in  this  area  have  been  added 
to  the  SYSCOMS  without  added  resources  to  carry  out  the  functions  and 
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as  a result  dilute  the  basic  budget  cost  estimating  responsibility. 

NAVSEA  5400.1  assigns  SEA  01 G as  the  Command  focal  point 
for  many  of  the  related  cost  estimating  and  analysts  functions.  The 
Cost  Analysis  Branch  (SEA  01 G2)  is  delegated  the  responsibility  for 
performing  much  of  the  work.  A review  of  SEA  01  G2  performance 
reveals  that  staff  and  time  limitations  prevent  full  compliance  with 
DOD  and  DON  directives.  Work  is  accomplished  only  whenever 
possible  and  when  sufficiently  high  priorities  are  established. 

The  ever  increasing  military  budget  and  the  many  large  over- 
runs being  currently  experienced  have  led  to  a reemphasis  of  perform- 
ing the  basic  budget  estimating  function.  Some  of  these  cost  estimating 
and  analysis  functions  are  properly  within  the  purview  of  SEA  01 G, 
while  others  could  be  delegated  elsewhere  within  NAVSEA.  In  either 
case,  proper  staffing  is  required  if  all  are  to  be  accomplished. 

(2)  Conclusion 

Compliance  with  existing  related  costing  function  directives  is 
not  being  fully  met  by  SEA  01 G due  to  limitations  of  available  time 
and  staff.  This  condition  may  be  improved  by: 

. Assignment  of  selective  functions  to  other  NAVSEA 

groups 
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Limiting  SEA  01 G participation  to  current  levels  of 
effort 

Assignment  of  only  high  priority  studies  to  SEA  01 G 

Make  selective  staff  increases  in  SEA  01 G to  meet 
responsibilities 


1 1 . CENTRALIZED  ESTIMATING 


This  relates  to  a centralized  estimating  group  which  acts  as  the  focal 
point  within  each  Command  and  is  responsible  for  cost  estimating,  policy  and 
guidance. 

(1 ) Discussion 

Several  of  the  recent  studies  relating  to  cost  estimating  and 
shipbuilding  such  as  the  CNO  (Holloway)  Study  (1967),  CNM  Inspec- 
tion of  NAVSHIPS  Report  (1972),  and  NMARC  Study  (1975)  have 
recommended  the  need  for  centralized  estimating. 

NAVMAT  INST  7000. 19A  requires  that  within  each  SYSCOM 
there  shall  be  one  focal  point, referred  to  as  the  Cost  Analysis  and 
Estimating  Group  (CAEG), which  is  responsible  for  cost  estimating  policy 
and  guidance. 

NAVSEA  INST  5400.1  delegates  this  to  the  Cost  Estimating  and 
Analysis  Division  (SEA  01 G)  as  the  Command  focal  point  for  all  estimates. 
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This  division  ensures  that  all  estimates  emanating  from  the  Command 
are  professional  and  consistent,  including  providing  staff  assistance 
and  advice  on  cost  estimating  to  all  headquarters  and  field  organizations. 

(2)  Conclusion 

Centralized  estimating  responsibility  within  NAVSEA  and  the 
delegation  of  SEA  01 G as  Command  focal  point  for  all  estimates  has 
been  complied  with. 

12.  CLASSIFICATION  OF  ESTIMATES 

This  relates  to  performing  the  highest  quality  estimate  commensurate 
with  requirements. 

(1)  Discussion 

Several  of  the  studies,  particularly  SCN  (1969),  and  NMARC 
(1975)  express  concern  about  the  quality  and  credibility  of  budget 
estimates.  The  SCN  study  recommends  an  appropriate  classification 
system  to  indicate  the  level  of  information  available  to  the  estimator. 
This  was  subsequently  developed  by  SEA  01 G and  implemented  by 
OPNAV  INST.  7720.2.  NMARC  urges  that  the  use  of  less  than  class 
"C"  estimates  be  diminished.  It  also  recommends  a contingency  when- 
ever less  than  budget  quality  cost  estimates  are  included  in  the  budget. 
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The  system  of  classifying  estimates  to  a proper  level  of  confidence 
is  sound.  Unfortunately,  with  the  rapid  development  of  programs  and 
the  many  subsequent  variables  introduced  by  the  Navy,  Congress  and 
the  Executive  Office,  the  estimator  may  neither  have  an  adequate 
technical  definition,  nor  the  time  in  which  to  prepare  a budget  quality 
estimate.  Several  years  ago  — during  periods  of  predictable  contracting 
markets  — the  development  of  estimates  was  less  complicated.  At 
present  and  in  the  foreseeable  future  with  the  rapid  change  in  costing 
and  pricing  factors,  the  need  for  quality  estimates  becomes  increasingly 
apparent. 

The  1977  GAO  Report  "Financial  Status  Of  Major  Acquisitions" 
as  of  June  30,  1976  indicates  that  estimating  represents  an  average  of 
8.8  percent  of  the  overruns  experienced  in  the  53  Defense  Acquisitions 
analyzed,  while  46.5  percent  of  overruns  were  caused  by  economic 
factors.  The  Blue  Ribbon  Defense  Panel  Report  indicates  that  about 
15  percent  of  the  cost  growth  in  major  programs  during  the  1960's  can 
be  attributed  to  the  inherent  imprecision  of  present  cost  estimating 
procedures.  Shipyards  or  other  commerical  ventures  could  not  tolerate 
errors  of  this  magnitude  and  remain  in  business. 

One  point  at  issue  is  whether  the  nine  group  estimating  system 
historically  used  by  NAVSEA  is  of  sufficient  accuracy,  assuming  all  the 
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other  estimating  variables  have  been  properly  accounted  for. 


(2)  Conclusions 

A proper  estimate  classification  system  has  been  established 
since  1969  and  is  in  use.  A more  detailed  estimating  system  should 
be  used  when  all  the  necessary  information  to  perform  such  a detailed 
estimate  is  available. 

13.  BUDGETING  PROCESS 

This  relates  to  non-estimating  influences  in  the  Budgeting  Process  that 
modify  acquisition  estimates  to  reflect  program  and  ship  definition  changes, 
policies,  changes  in  estimating  factors  such  as  inflation,  overhead,  profit  and 
delivery  schedules,  contingency  margins  and  others,  either  with  or  without 
compensatory  changes  to  baseline  estimates. 

(1)  Discussion 

The  Budgeting  Process  has  emerged  in  eight  of  the  major  acquisition 
studies  that  were  reviewed  as  being  critical  in  the  development  of  rational 
acquisition  estimates.  These  studies  are  the  CNO  (Holloway)  Study 
(1967),  NAVSHIPS  (Sanders- Scanlon)  Study  (1969),  SCN  Study  (1969), 
Blue  Ribbon  Defense  Panel  (1970),  Acquisition  Advisory  Group  (1975), 
NMARC  Study  (1975),  ASN  Inflation  Study  (1975),  and  GAO  Status  of 
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Major  Acquisitions  Report  (1977). 


The  GAO  Report  of  1977  states: 

"In  some  instances,  the  initial  or  baseline  estimates 
may  then  include  higher  cost  predictions  than  con- 
sidered acceptable  to  the  agency  submitting  budgets 
for  favorable  Congressional  and  Executive  considera- 
tion . " 

The  SCN  Study  (1969)  warns  of  reducing  budget  prices  of  ships  below 

those  developed  by  professional  ship  cost  estimators.  The  SCIP  Report 

(1972)  recommends  that  OPNAV  issue  a policy  that  deviations  in  CNO- 

SCN  management  policy,  such  as  authorizing  changes  in  characteristics 

without  compensation  or  without  Future  Characteristic  Changes  (FCC) 

funding,  are  authorized  only  by  CNO/VCNO.  In  a similar  vein,  the 

NMARC  Study  (1975)  states: 

"Positive  measures  should  be  taken  by  OPNAV  to 
ensure  that  changes  to  program  scope  and  require- 
ments are  accompanied  by  corresponding  adjustments 
to  cost  estimate  baselines  and  budgets." 


The  review  of  the  ship  program  budgeting  process  shows  that 
baseline  estimates  are  frequently  modified  downward  without  compensa- 
tory changes  in  ship  characteristics  or  other  factors. 


Thus,  the  Budgeting  Process  should  be  carefully  managed  and 
supported  to  ensure  that  acquisition  budgets  reflect  credible  estimating 
and  that  any  program  adjustments  or  changes  are  properly  included  in 
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the  budget-  estimates.  Within  NAV5EA,  there  are  procedures  whereby 
SEA  01 G has  direct  access  to  the  Commander  in  the  case  of  disagreements 
over  cost  estimates.  At  that  stage,  the  decision  rests  with  COMNAVSEA, 
CNM,  CNO,  etc. 

(2)  Conclusion 

The  Budgeting  Process  is  a key  element  in  preparing  credible 
estimates.  Despite  the  complications  and  policies  of  developing  acquisi- 
tion programs,  the  budgets  must  reflect  estimates  within  which  the  programs 
may  be  successfully  completed  with  a minimum  risk  of  contractors'  claims 
or  budget  overruns. 


U.  COST  CONTROL  MANAGEMENT 


This  relates  generally  to  the  cost  control  period  after  the  budget  has 
been  submitted,  from  contracting  through  the  completion  of  the  weapon  sys- 
tem. Cost  control,  in  this  sense,  is  a series  of  procedures  whereby  each  SCN 
project  is  continually  monitored  for  potential  problems  — whether  cost  is  on 
target,  whether  contract  difficulties  are  appearing,  whether  potential  for  a 
claim  situation  exists,  etc. 

Discussion 

The  need  for  adequate  cost  control  management  ranks  high  in  the 
various  recommendations  developed  in  acquisition  studies.  The  SCN  study 
refers  to  it  as  "The  Cost  Control  Period"  during  which  the  Navy  should  main- 
tain fiscal  control  of  the  programs.  Cost  Control  was  mentioned  in  the  early 
1939  Bureau  of  Supplies  and  Accounts  Study,  reiterated  through  several  other 
reports,  and  finally  in  the  1975  NMARC,  ASN  Inflation  and  Acquisition 
Advisory  Group  Reports. 

DOD  Instruction  7000.2  establishes  the  need  for  each  Command  to 
develop  Contract  Cost  Data  Reporting  (CCDR)  for  each  program.  These  reports 
are  used  for  surveillance  of  contractors'  progress  and  to  ensure  that  contract 
cost  and  performance  information  are  being  obtained.  SHAPMs  and  Project 
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Managers  receive  the  periodic  reports  for  evaluation,  as  part  of  their  pro- 
gram cost  management  techniques.  This  cost  management  procedure  provides 
a basis  to  assist: 

. DOD  managers  in  assessing  the  credibility  of  SYSCOM 

estimates  for  follow-on  programs. 

. Project  Managers  and  SHAPMs  to  evaluate  their  programs 

from  a cost  and  schedule  standpoint. 

. Estimating  groups  with  feedback  as  a means  of  evaluating 

weapon  cost  and  price  trends. 

Conclusion 

An  effective  cost  control  management  system  requires  receipt  of 
periodic,  detailed  scheduling  and  cost  information  from  the  contractors. 
These  reports  should  be  carefully  monitored  and  analyzed  by  SupShips  and 
forwarded  to  Project  Managers  and  SHAPMs  for  appropriate  consideration. 

In  turn,  the  reports  with  final  analyses  should  be  sent  to  the  estimating 
groups  for  use  in  preparing  current  and  future  program  estimates  and  cost 
projections. 

At  present,  only  limited  cost  management  information  is  made  avail- 
able to  SEA  01G  and  thus  is  generally  unavailable  as  an  additional  source 
of  data  to  project  cost  trends. 
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EXHIBIT  B.l 


STATUS 


OF 


RECOMMENDATIONS 


AD  HOC  COMMITTEE  ON 


NAVY  SHIPBUILDING  PROCUREMENT 


PROCEDURES  - SHIPBUILDERS 


COUNCIL  OF  AMERICA 


MAY  1977 
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SHIPBUILDERS  COUNCIL  OF  AMERICA 
REPORTED 

STATUS  OF  RECOMMENDATIONS 
MAY  1977 

[Specific  Recommendotions  Are  Underlined) 


Source;  HAC  Report 

1/22/77 


NAVY  COMMENT  SCA  COMMENT 

(Accommodoted  (A)) 


{])  "Continue  Progress  Ppyments  on  bom  of  Physicol  (1) 
Prooress 


As  the  letter  of  the  Shipbuilders  Council  noted, 
SECNAV  INST  7810. 12  of  17  July  1975  lorgely  preserves 
the  concepts  of  progress  poyments  bosed  on  physical  progress. 


This  oction  of  occommodotion  olleviotes 
problems  of  cosh  flow  probobly  to  the  neor 
moximum  expectobie  extent.  Superior  to 
other  douses  used  in  weopons  systems  other 
than  ships. 


(2)  "Exomine  Governmental  oroonizotionol  structure  (2)  No  perceivoble  change  for  the  better  has 

beoring  on  snip  procurement  ond  proouction"  occrued  from  NMARC  r#  common  actions. 

As  the  Council  stoted,  there  hove  been  .numerous 
studies  into  the  orgonizotionol  structure  beoring  on  ship 
procurement  ond  production.  These  studies  hove  ronged 
from  the  averoll  Deportment  of  Defense  review  conducted 
by  the  President's  Blue  Ribbon  Defense  Ponel  in  1969  ond 
1970  to  the  more  recent  ossessmenl  of  the  Novy's  orgon'notion 
monogement,  stoffing  ond  procedures  in  developing  ond 
producing  weopon  systems  mode  by  the  Novy  ond  Marine 
Corps  Acquisition  Review  Committee  (NMARC).  Recom- 
mendotions  were  mode  by  these  reviews  ond  changes  mode. 


More  recently  the  Chief  of  Naval  Operotions  directed  The  opparent  ottitude  appraoch  of  present 

the  Chief  of  Novol  Material  to  exomine  the  reodiness  of  the  COMNAVSEA  instontly  ougurs  well  toword 

Novol  Moteriol  Command  ond  the  component  Systems  Com-  improvement  in  relotionships. 

mands  to  respond  to  the  Novy's  material  acquisition  ond  moin- 
tenonce  progroms,  with  speciol  emphosis  on  shipbuilding  ond 
the  Novol  Sea  Systems  Commond  (NAVSEA).  The  initial 
oction  of  the  Commonder,  Novol  Seo  Systems  Command  (COM- 
NAVSEA), wos  to  assign  Rear  Admirol  E.  J.  Otth,  USN,  to 
the  position  of  the  Speciol  Assistant  for  Shipbuilding.  Report* 
ing  directly  to  COMNAVSEA,  this  office  is  to  provide  com- 
ma nd  level  coordination,  integration  ond  oversight  of  the 
NAVSEA  functions  necessary  for  highly  effective  performance 
of  the  shipbuilding  mission. 


One  of  Admirol  Otth's  initial  efforts  Is  to  perform  on 
assessment  of  ond  recommend  improvements  for  the  NAVSEA 
orgonizotion.  This  effort  is  being  given  priority  within  NAV- 
SEA ond  is  second  only  to  motters  pertaining  to  cloims  litigo- 
tion  ond  adjudication . He  intends  to  solicit  the  odvice  of 
knowledgeoble  individuals  in  the  government  ond  in  industry 
to  obtain  o comprehensive  evaluation  of  planned  improve- 
ments. The  Shipbuilders  Council  will  be  odvised  of  significant 
changes . 
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NAVY  COMMENT 
Not  Accommodoted  (NA) 


SCA  COMMENT 


(1) 

"Accept  full  cost  resoonsibility  for  deficient 

specifications,  GFI  ond  GFE" 

(2) 

"Accept  full  cost  responsibility  for  schedule 

and  production  deloys  caused  by  government 

oction  or  inoction"  (GFE,GFI) 

It  is  acknowledged  thot  problems  of  delay,  defects 

ond  omissions  occur  with  GFI  end  GFE.  N 

The  Novy  is  continually  trying  ta  Improve  thii  situa- 
tion, For  exomple,  the  Trident  Project  Monoger  has  es- 
toblished  o process  by  which  the  contractor,  the  Supervisor 
of  Shipbuilding  ond  the  Novy  Project  Office  con  within 
two  working  days  identify  the  problem,  provide  immediote 
solution  ond  authorize  the  controctor  to  toke  corrective 
action. 

The  IHA  Project  hos  olwoys  been  ooreeoble  to  occept 
full  cost  responsibility  for  deficient  specifi  cot  ions,  GFI  ond 
GFE.  For  the  most  port,  IHA  spec ificot ions  ore  controctor 
developed  ond  responsibility  rests  with  the  controctor. 

In  gencrol,  the  problem  is  defining  ond  supporting  the 
impoct  of  deficient  specifications,  GFI  ond  GFE#  ond  obtoin- 
ing  reosonoble  proposals  on  price  ond  schedule.  The  tendency 
is  for  the  controctor  to  inflote  the  impoct  ond  for  the  govern- 
ment to  estimote  the  impoct  os  much  less.  This  leods  to  hard 
ond  extended  negotiations  ond  delays  in  settlement. 

(3)  "Defer  change  in  primory  specifications  until  ofter  (3,4) 
delivery  of  ship* 

(4)  "If  impossible,  issue  instruction!  for  chonge  eorly  in 
construction  cycle" 

The  bosic  evoluotion  of  ony  chonge  to  specification  mode 
ofter  contract,  must  consider  the  mission,  operotionol  or  sofety 
requirements.  Where  ony  of  these  requirements  ore  involved  the 
decision  then  becomes  one  of  whether  to  accomplish  prior  to  or 
ofter  delivery.  Here  the  government  must  evoluote  the  impoct 
of  the  chonge  ond  estimoted  cost  to  implement,  either  before 
or  ofter  delivery.  It  is  recognized  thot  the  risk/responsibility 
must  be  osumed  by  the  government  when  moking  this  decision. 

All  government  responsible  chonges  thot  resulted  from 
the  INSURV  Inspection  of  LHA-1,  except  critical  or  sofety 
types,  hove  been  deloyed  till  the  Post  Shokedown  Avoil- 
obility  of  the  Ship.  Also,  ony  of  these  chonges  opplicoble 
to  LHA-1  through  LHA-5  will  not  be  performed  if  they  will 
cause  ony  delivery  delay  to  those  dsips. 


There  Is  considerable  evidence  of  move- 
ment toward  acceptance  by  Government  of 
cost  responsibility  in  these  oreos.  Indirectly, 
the  new  escolotion  douse,  which  for  purposes 
of  escolotion  impoct  on  aJJ^ delays,  no  matter 
which  party  the  cause,  occepts  full  Govern- 
ment responsibility  for  the  deloy,  is  one 
major  movement. 


This  eppeors  to  be  o foot. 


At  Icost,  this  is  recognition  by  the  Government 
thot  there  is  o problem.  However,  Government 
tends  to  resist  admitting  if  mode  o "mistake*’. 
True  impoct  on  industry  of  the  "mistake"  cor- 
rection when  Government  gets  to  point  of 
recognition  is  difficult  to  ossess  with  precision. 

As  is  applies  to  "relotionship"  problem,  the 
question  of  primary  specification  chonge  con- 
trol appears  to  be  of  lesser  significance  than 
the  one  of  eorly  recognition  of  "mistakes"  in 
(1,2)  obove  ond  early  issuance  of  chonge  order 
ta  proceed  with  correction. 
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NAVY  COMMENT 


SCA  COMMENT 


(5)  "Arrange  for  provisionol  pricing  of  chonoe  order  of  (5 ,6) 
obvious  high  dollor  volue" 

(6)  "Finolize  pricing  of  these  mojor  chonge  orders  with 
disootch* 


Present  proctice  permits  pricing  of  chonges  with  moxi- 
mum  or  minimum  pricing  with  requirement  for  the  contractor 
to  submit  pricing  progosols,  within  o certoin  time  period,  ond 
♦hen  for  finol  price  negotiotion.  Here  ogoin  the  defining  of 
impoct  of  the  chonge  ond  negotioting  settlements  depends  on 
♦he  leosonobleness  of  both  porties. 

The  mutuol  desire  to  "finolize  chonge  orders  with  oir- 
potch"  is  often  frustroted  by  lote  or  inodequote  cost  proposols 
from  the  controctor.  To  the  extent  that  cost  proposols  for 
essentiol  chonges  con  be  promptly  ond  occurotely  developed, 
changes  con  be  odjudi coted  promptly. 

(7)  "Rely  on  controctor  informational  systems  to  moximum 

procti coble  extent* 

The  implementation  guide  for  DODI  7000.2,  the  current 
management  system  requirement  for  mojor  DOD  procurements, 
including  ships,  stotes  "By  opplying  criterio,  rother  than 
specific  DOD  prescribed  monooement  control  systems,  con- 
tractors hove  the  lotitude  ond  flexibility  for  meeting  their 
unique  monooement  needs.  This  opprooch  ollows  contractors 
to  use  existing  management  control  systems  or  other  systems 
of  their  choice,  provided  they  meet  the  criterio."  The  Novol 
Moteriol  Command,  the  Novol  Seo  Systems  Commond  ond  the 
individuol  Ship  Acquisition  Project  Monoger  policies  ond 
proctices  support  thot  concept.  Only  those  systems  or  system 
conponents  thot  do  not  meet  the  criterio  ore  required  to  be 
changed  ond  then  only  os  necessary  to  comply  with  the  criterio. 

NAVSEA's  experience  in  reviewing  the  vorious  shipbuilder 
monogement  systems  reveoled  thot  in  some  instonces  the  systems 
were  deficient  in  meosuring  performance  ot  the  vorious  levels 
within  the  company.  These  systems  required  modifications  to 
give  internol  monogement  ond  the  government  more  occurote 
doto  in  order  to  moke  responsible  decisions.  Recently  one  ship- 
yard wos  validated  with  only  minor  changes  to  its  basic  system. 

The  key  is  mutuol  agreement  with  the  controctor  to  obtoin 
cost  performance  reports  which  will  be  useful  to  both  the  Novy 
ond  shipyord  monogement. 

(8)  "Reduce  government- imposed  reporting  requirements" 


Here,  recognition  of  the  problem  is  evoded. 
In  coses  of  many  chonges  of  obvious  high 
dollor  volue,  it  is  impossible  both  for  the  con- 
troctor to  price  ond  Government  to  evoluote 
proposed  pricing  until  considerable  time  hos 
elapsed  - yet  both  porties  hove  grasp  of 
"boll  pork"  volue  ond,  absent  pricing  agree- 
ment, controctor  must  bear  work-in-process 
costs  of  the  chonge.  Provisionol  pricing  is 
o woy  out  of  the  dilemma  - this  is  different 
from  o "mox-min"  pricing  oction  which  infers 
o more  neorly  specific  knowledge  of  pricing 
probabilities,  orrived  ot  only  offer  consider- 
able time  for  work.  (6)  Ccrtoinly  is  o two- 
porty  street.  Often  the  controctor  is  reluc- 
tont  to  submit  on  eorly,  negotioble,  pricing 
proposal . 


(7)  Here  is  the  stort  of  cleor  evidence  of 
Novy’s  obvious  low  esteem  of  ship- 
builder monogement  system  practices* 
Whether  or  not  thot  lo**  esteem  is 
worronted,  it  exists.  The  Bennett  memo 
of  1/31/77  on  7000.2  perhops  offords 
the  opportunity  to  cleor  the  oir.  Some 
of  these  Novy  views  come  from  ship- 
building-copable  people  - ond  some 
views  moy  hove  merit. 


(8)  This  one  mokes  it  cleor  thot  Novy  know 

it  "runs  o poper  mill"  ond  is  not  dedi coted 
to  lessening  the  mill's  volume.  It  would 
be  tilting  ot  windmills  to  pursue  further 
"os  long  os  it  is  poid  for** 
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NAVY  COMMENT 


SCA  COMMENT 


(9)  "Eliminotc  superfluous  ond  nonproductive  require-  (9)  This  h In  different  context  from  (8)'i  "poper 


mentr 

Novy  shipbuilding  controcts  do  require  extensive 
poper  work  ond  reporting  requirements.  Mjcb  of  this  is 
coused  by  Novy's  need  to  monoge  the  progrom,  ossure 
technicol  occeptobility  of  the  product,  ond  to  prepore 
for  logistic  support.  Other  requirements  item  from  higher 
outhority  and  lows  possed  by  the  Congress.. 

The  Novy  requires  thot  shipbuilders  operote  o DODI 
7000.2  compliont  monogement  system  for  mojor  ship  con- 
struction/design effort.  The  Cost  Performance  Report  (CPR), 
DODI  7000.10,  is  the  mojor  monogement  report  required 
ond  is  o direct  output  of  the  compliont  monogemeni  system. 
This  doto,  supplemented  by  schedule  stotus  information, 
is  intended  to  occommodote  most  of  the  Novy's  needs.  Un- 
fortunotely,  most  shipbuilders  ore  not  yet  operoting  monoge- 
ment systems  which  con  be  volidoted.  As  o result,  more 
extensive  interim  reporting  is  required  to  insure  sotisfoctory 
Novy  visibility  of  cost  ond  schedule  stotus. 

Where  possible,  the  Novy  hos  ottempted  to  simplify 
its  requirements.  The  AGOR  21/22,  the  T-ATF  ond  the  T- 
AGOS  (proposed  FY  79)  ore  or  will  be  of  commericol  design 
In  their  procurement,  the  minimum  omount  of  reporting  is 
required.  However,  these  ore  father  simple  ships  without 
the  mission  requirements  which  necessitate  the  more  sophis- 
ticated documentation. 

(10)  "Limit  role  of  DCAA  to  financial  occounting" 

(11)  "Restrict  DCAA  octivities  to  verification  of  con* 
trocto/s  costs  ond  forecosts  of  costs** 

(12)  "Consolidate  DCAA  functions  ond  those  of  Novy 
Supervisor  of  Shipbuilding  in  contractor's  plont" 

To  odequotely  perform  their  ossigned  role,  DCAA 
must  fully  understand  the  mony  operotions  of  the  company. 
All  of  these  operotions  generote  cost  ond  their  ollowobility 
must  be  determined.  DCAA  is  interested  porticulorly  in  the 
oreas  thot  deol  with  estobiishing  solory  structures,  orgoni- 
zotion,  acquisition  ond  utilization  of  personnel.  Also  of 
interest  ore  the  controls  exercised  to  insure  reosonoble  over- 
heod  e^enses  ond  the  volidity  of  finonciol  reports  furnished 
to  the  government  or  used  intemolly  to  project  cost  growths 
or  otherwise  monoge  the  company's  operotions.  DCAA's 
primary  emphasis  is  on  cost  ovoidonce.  It  is  not  ejected 
thot  the  role  of  DCAA  sill  be  reduced. 


mill".  It  fundometolly  says  that  Novy*  coll 
for  o "codilloc  both  in  odministrotion  ond 
production  when  o Model  T is  oil  thot  is 
needed".  Novy  recognizes  the  volidity 
of  the  criticism  to  some  extent  but  soys  it 
isn't  changing  its  woys  oppreciobly. 


(10,11)  Novy  simply  soys  f lot  out,  "It  is  not 
expected  thot  the  role  of  DCAA  will  be 
reduced".  DCAA's  role,  It  might  be  noted, 
is  dictated  by  OSD  rother  thon  by  Novy. 

The  power  ond  outhority  of  DCAA  is  in  foct, 
growing,  both  in  context  of  occess  to  records 
ond  vis-o-vis  the  authorities  of  the  Con- 
tracting Officer. 

(12)  This  soys  thot  Novy  is  trying  ot  leost  to  ovoid 
duplicotion  in  DCAA/Supships  surveillance. 
Could  help  or  could  be  meaningless. 
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NAVY  COMMENT 


SCA  COMMENT 


Efforts  hove  been  undertoken  to  reduce  the  impoct  of 
oudits  imposed  on  shipbuilders  by  both  the  Supervisor  of 
Shipbuilding  ond  DCAA.  Implementotion  of  o Memorondum 
of  Undersfonding  between  the  Novy  ond  DCAA  designed  to 
coordinotc  their  reviews  hos  proven  successful.  This  pro- 
cedure will  be  in  effect  for  oil  oudits  of  contractors  having 
o controct  ovei  $25  million.  Although  nol  lessening  the 
overoll  surveillonce,  it  is  expected  thot  this  coordinotion 
will  reduce  the  impact  on  shipbuilders. 

(13)  "Revive  practice  of  reliance  on  approved  controctor 
purchosing  system'1 

(14)  "Eliminote  review  ond  prior  opprovol  of  eoch  propos- 
ed subcontract" 

(15)  "Cancel  NAVMAT  Notice  4330,  doted  November 
1973,  entitled  'Survei  1 1 once  of  Sub- Contracting 

Operations" 

Novy's  policy  concerning  the  opprovol  of  mojor  ship- 
builders' procurement  systems  has  been  chonged.  Controctors* 
procurement  systems,  when  worronted,  ore  now  approved  by 
the  Novy.  For  exomplo,  Ingalls'  procurement  system  was 
opproved  on  3 December  1975. 

Eoch  proposed  subcontract  hos  never  required  prior 
Government  opprovol.  Only  those  subcontracts  in  excess 
of  certoin  dollor  limits  for  certoin  types  of  contracts  require 
prior  opprovol.  For  example,  when  the  prime  controct  is  o 
fixed  priced  incentive  type,  only  proposed  firm  fixed-price 
lubcontrocts  over  $100,000  require  opprovcl . Where  con- 
tractors hove  opproved  procurement  systems  the  dollor  limit 
moy  be  roised  or  eliminoted  olthogether. 

Surveillance  of  o controctor's  procurement  system  is 
on  ASPR  requirement  which  occounts  for  continuing  the 
NAVMAT  provisions  in  other  applicable  sections  of  Novy 
procurement  Directives.  The  "heovy  government  monitor- 
ing" mentioned  by  the  Council  consists  of  o port-time 
effort  ot  most  of  the  shipbuilders.  Only  ot  the  three  lorg- 
est  shipbuilders  is  there  o full-time  procurement  surveii- 
lonce  anolyst.  Considering  whot  most  of  the  shipbuilders 
procurement  trock  records  hove  been  to  dote,  it  is  not 
ontlcipoted  thot  government  surveillonce  will  be  discon- 
tinued. 


(13, 14)  These  ore  sensitive  points  with  precticol- 
ly  the  whole  shipbuilding  community.  On  the 
other  hond,  people  (in  Novy)  who  know  both 
purchosing  ond  the  production/supply  require- 
ments bock  of  purchosing  - ond  the  proctices 
of  o number  of  industries  in  purchosing  - be- 
lieve unequivocolly  thot  shipbuilders  hove  the 
poorest  system  in  existence. 

At  the  some  time,  the  supplier  industries 
(gonerolly)  would  prefer  to  sell  direct  to  the 
Novy  thon  to  the  shipbuilder.  There  must  be 
some  clue  in  oil  this  to  on  underlying  problem 
- perhops  It  could  be  explored  in  conjunction 
with  7000.2 

Novy's  comment  or  (14)  is  both  superficiol 
ond  supercilious.  The  "trouble'  controcts 
stort  ot  the  $100,000  level. 

(15)  The  lost  sentence  of  Novy  comment  mokes 
Novy  ottitude  cleor,  Acfuolly,  ASPR  content 
now  is,  if  onything,  more  severe  in  its  re- 
quirements on  primes  for  subcontractor  sur- 
veillance thon  wos  NPD  ot  the  commencement 
of  the  1974  Ad  Hoc  Committee  position  de- 
velopment . 
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NAVY  COMMENT 
(Accommodated  In  Fort  (AIP)) 


$CA  COMMENT 


(1 ) "Authorize  interest  cost  of  borrowed  fundi  01  ollow- 
o£le  expense  items" 

You  hove  noted  thot  CAS  *4U  recognizes  cost  of 
focilitiei  capital  as  on  ollowoble  expense.  There  is  no 
present  intention,  by  DOD#  to  expond  this  policy  to  in- 
clude the  cost  of  working  copitol  os  on  ollowoble  e>g>ense 
In  the  performance  of  DOD  controcts. 

(2)  "Resolve  outstanding  cloims  quickly  ond  toke  oil 
steps  to  minimize  future  cloims" 

Claims  teoms  ore  functioning  ot  Ingolls  Shipbuilding 
Division  ond  Newport  News  Shipbuilding  ond  Drydock 
Company.  The  cloims  teom  monoger  ond  the  teom  leoden 
hove  been  selected  for  General  Dynomics,  Electric  Boot 
Division,  ond  ore  on  boord.  These  leoders  ore  hiring  the 
necessary  people  for  on  occeleroted  evoluotion  ond  settle- 
ment. An  in  depth  assessment  of  the  EB  cloim  odequocy  is 
being  mode.  If  ony  new  cloims  ore  submitted,  new  teoms 
will  be  set  up  as  necessary. 

The  Novy  hos  three  concurrent  studies  underway  to 
arrive  ot  o solution  to  the  some  "delay  ond  disruption" 
pricing  problem.  These  studies,  each  using  a different 
method,  ore  not  expected  to  be  comoleted  until  late  1977. 
Upon  completion  the  Novy  hopes  to  be  oble  to  insert  new 
douses  in  contracts,  ogreeoble  to  the  contractors  ond  the 
Novy,  which  will  moke  the  pricing  of  deloy  ond  disruption 
in  changes  o pre-priced  element. 


(1)  Resolution  of  tins  matter  is  o problem  for  OSD, 
not  Novy.  At  this  moment,  Navy  comment  is 
oppropriote.  However,  this  question  needs  to 
be  oddressed  ot  every  opportune  moment  os 
time  posses. 


(2)  So  much  hos  been  written  on  this  subject  as 
to  moke  it  one  no  longer  treotoble  under 
initial  od  hoc  paper  representations. 


Finding  occeptoble  formulo(e)  for  simplistic 
solution  of  "deloy  ond  disruption"  problems 
may  be  difficult,  Any  "new  douse"  content 
should  be  weighed  eorefully* 


A special  tosk  group  hos  been  set  up  in  NAVSEA  to 
study  ond  recommend  action  to  minimize  future  cloims. 

In  addition,  cloims  prevention  teoms  ore  being  stoffed  ot  the 
SUPSHIPS  thot  deal  with  new  construction  contractors. 

These  teoms  will  be  tosked  to  report  ony  potentiol  cloims 
thot  they  observe.  In  this  manner  the  Navy  hopes  to  be 
able  to  settle  problems  promptly  before  they  become  o 
cloim. 


It  must  be  noted,  however,  thot  cloims  settlement  is 
o two-sided  problem.  First,  the  shipbuilders  must  present 
their  cloims  properly  documented  with  detoils  ond  focts 
supporting  their  claims,  Secondly,  the  government  must 
foirly  evaluate  the  cloim  ond  then  negotiote.  Regrettobly, 
cloims  ore  on  odversory  situation  ond  by  their  very  nature 
must  olwoys  be.  However,  if  both  sides  oct  as  reosonoble 
porties,  resolution  should  be  forthcoming  without  excessive 
deloys.  Dcloys  just  cost  both  sides  odded  dollars. 
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NAVY  COMMENT 


SCA  COMMENT 


(3)  "Pending  offirmotivc  oction  in  cited  problem  oreos,  (3) 

odopt  some  type  of  cost  reimplement , ossureC  tec, 

contract  ond  if  oppropriote,  restructure  existing 

fixed  price  type  contracts  os  cost  type  contracts" 

The  "Report  by  the  Seopower  Subcommittee  of  the 
Committee  on  Armed  Services  House  of  Representotives" 
doted  December  31 , 1974,  contoined  ten  recommen  dot  ions. 

Re  com  men  dot  ion  number  eight  itoted,  "The  subcommittee 
recommends  ogoinst  ony  open-ended,  cost  plus  controcts  for 
novol  vessels.*1  In  the  response  to  the  subcommittee  on  June 
3,  1975,  the  policy  of  the  Deportment  of  Defense  wos  re- 
of firmed  in  the  stotement:  "Ship  construction  controcts  should 
be  of  o type  oppropriote  to  the  level  of  risk  involved  in  their 
performonce:  penerolly,  cost-type  for  leod  ships  ond  fixed 
price  incentive  for  follow  ships."  This  will  continue  to  be 
DOD  policy  for  future  shipbuilding  controcts. 


for  controcts  ploced  since  time  of  this  recom- 
mendation, Novy  hos  odopted  either  cost 
reimbursement  type,  or  Fixed  Priced  Incentive 
type  with  wide  spread  from  torget  to  ceiling 
costs  ond  prices. 


As  to  restructuring  existing  controcts,  you  ore  very 
fomilior  with  the  efforts  of  o yeor  ago  to  provide  some 
relief  under  P.L.  85-604.  In  the  obsence  of  oltemotives, 
such  os  P.L.  85-804,  the  Novy  does  not  hove  the  outhority 
to  restructure  existing  fixed  price  type  controcts,  os  you 
suggest. 


The  efforts  of  Secretory  Clements  in  this 
direction  ore  well  known  ond  fully  documented 
Novy  enthusiosm  regarding  those  efforts  is  ot 
best  questionable.  Novy  hos  outhority  to  in- 
stitue  the  efforts  but  did  not  exercise  it.  The 
efforts  were  instituted  ot  OSD  level. 


(4)  "Recoanize  thot  through  government  oction  or  in- 

oetion  linoncio.  ond  performance  risks  ore  oeing  im- 

posed on  contractor  resulting  in  costs  tnot  exceed 
impact  tram  inflation" 


(4)  This  is  o self-serving  response.  Overoll,  it  is 
believed  here  thot  Novy,  particulorly  08 
segment,  does  not  recognize  cost  impoct  of 
Government  oction  or  inoction. 


The  couses  for  deloy  ore  often  due  to  octions  of  both 
parties.  In  these  coses  both  porties  should  shore  costs.  The 
Novy  is  willing  to  assume  its  shore  of  costs  thot  ore  coused 
by  unilateral  octions  of  the  government. 


(5)  "Recognize  thot  primory  specifications  inherently 

contoin  errors  ond  inconsistencies* 

(6)  "Provide  for  prompt  corrective  changes* 

There  is  no  question  thot  there  ore  some  errors  in  ship 
specifications.  These  ore  corrected  by  contract  chonges  os 
expeditiously  os  possible  ofter  they  ore  identified  ond  con- 
firmed. The  Novy's  policy  is  to  issue  change  orders  os  soon 
os  problem  oreos  requiring  oction  ore  identified.  Average  time 
to  issue  chonge  orders  in  some  projects  hos  been  three  months 
from  jtort  to  finish.  Time  required  to  complete  negotiations 
ond  pricing  of  the  chonge  depends  on  jtoffing  ond  worklood  ot 
the  respective  contractor,  SUP5HIP,  or  NAVSEA  office . An 
overoge  of  three  months  is  required  for  final  odjudicotion  ofter 
♦he  opproved  change  leoves  the  Novy  Project  Monoger’s  office. 


(5,6)  Lost  sentence  is  fully  oppropriote  to  problem 
solution.  Novy  ot  least  seems  to  recognize 
♦hot  It  is  o contributor  to  the  problem. 
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Here  ogoln  the  shipbuilders  ond  the  government  ore  in  on 
odversory  position.  \Vhot  the  shipbuilder  moy  consider  os 
on  error  for  his  benefit  moy  be  just  o motter  of  interpretotion. 

Negotiotion  by  two  reosonoble  potiies  is  oil  thot  should  be 
required. 

(7)  "Improve  occurocy  of  definition  of  ship  to  be  built"  (7)  Shipbuilders  Council's  10/20/76  onolysis  of 

stotus  ogreed  thot  “Government  is  trying". 

A continuing  gool  of  the  Novy  is  to  turn  out  the  best 
"defined*'  ship.  A significont  expenditure  of  resources  ore 
opplied  to  this  gool. 

In  FFG-7  Program,  the  ship  definition  (in  the  form  of 
systems  drawings  ond  working  drowings  ond  component  purchose 
specs)  hos  been  greoter  thon  for  ony  previous  procurement. 

Although  this  Is  in  keeping  with  Novy  intentions  to  provide 
moximum  possible  informotien  to  industry  for  bidding  purposes. 

It  hos  coused  one  yord  to  comploin  thot  the  dato  provided 
with  the  FFG  RFP  wos  too  bulky  ond  extensive  ond  tended  to 
increase  costs  to  prepore  proposols. 


Eoch  iteration  of  o new  design  builds  on  o preceding 
specification  toking  into  occount  problems  ond  lessons  leom- 
ed  on  the  previous  design.  Unfortunotely,  o Novy  ship  is 
not  o simple  undertoking.  A myriod  of  players  enter  ond 
leove  the  oreno  during  the  evolution  from  conception  of  o 
ship  until  the  lost  of  the  class  is  delivered  to  the  fleet. 

Chonges  will  occur.  Keeping  these  changes  to  o minimum 
ond  prompt  adjudication  of  impoct  of  required  chonges  is 
the  end  pool  to  which  the  Novy  is  striving. 

(8)  "Outlaw  'ouction  type1  bidding  techniques  os  bosis  (8) 
for  contract  negotiotion*' 

The  Novy  is  not  owore  of  ony  situation  that  could  be 
construed  to  hove  been  on  ouction. 

ASPR  Section  3-805  requires  thot  discussions  be  con- 
ducted with  oil  responsible  offerors  determined  to  be  within 
o competitive  range  in  negotiated  procurements.  The  princi- 
po  purpose  of  these  dicussians  is  to  odvise  offerors  of  defici- 
encies  in  their  proposols.  The  ASPR  further  requires  thot, 
ofter  discussions,  offerors  be  given  on  opportunity  to  submit 
"best  ond  final M offers.  As  ASPR  Section  3— 805(c)  specifical- 
ly prohibits  the  use  of  ouction  techniques,  the  Novy  would 
appreciate  knowing  of  ony  cose  where  this  prohibition  has  been 
viol©  ted. 

(9)  "Issue  change  orders  promptly  to  rectify  deloys,  de-  (*,10)  Despite  ossertions,  Novy  does  hove  ottitude 

fects  ond  omissions**  (“As  they  pertoin  to  GFE,  GFI“)  of  "our  inventions  (GFI,  GFE)  ore  sacrosanct". 

(10)  “Issue  chonge  orders  promptly  to  rectify  effects  of 
government  oction  or  inaction  (os  these  pertoin  to 

othcMhon  GFE,  GFTt 

It  Is  basic  Novy  policy  that  changes  should  be  issued  os 
es^editiously  os  possible  ofter  need  is  defined.  The  government 
does  not  o I ways  ogree  with  the  contractor  when  he  wonts  o chonge 
for  his  benefit.  A contractor  proposed  chonge  must  be  supported 
by  odequote  documentation . Too  often,  the  contractor*!  desire 
for  o chonge  is  not  supported  by  focts. 


Cleorly,  Novy  does  not  understond,  or  refuses 
to  recognize,  what  is  ' ouction-type"  tech- 
nique. "Not  owore"  - how  could  they  foil 
to  see  DD-963  ond  mony  other  subsequent 
"best  ond  finol”  os  “ouction-type"?  OSD, 
however,  oppeors  to  be  trying  to  rectify  by 
"source  selection  before  pricing". 
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(Accommodation  Unknown  tot  Lorpiiy  Doubt ed) 

(1)  "Inane  *Ko*  c||onnei  ott  etinntlnl  and  will  min- 
imally pficct  production  *ched^^iM,' 

Chonpei  orn  univcrwlly  limited  to  mondolory  lt*mi 
nrcciviry  to  rnuiff  tbot  the  tliipt,  m hoilt,  will  mrft 
minion  rrquhementi  ond  will  he  lire  of  »r)lfty  deficle ncitl 
Defect*  ond  nmW»ion*  in  the  ^eclf  i catinni  ore  tlmrlotly 
corrected,  loch  flionpn  Iv  irrirtinlrrd  by  o Novy  Change 
Review  hoard  to  imme  thnl  only  ritentlol  clmnge*  or* 

Impoied  on  thf  thiphulhlei  . (fecltiom  comidrr  itotui  of 
conitruction  ond  the  rnyoct  on  crllicol  trod©*, 

(2)  "Arcelrrntr  rflpit*  to  limpljfy  prlmpty  ond  mbotdi- 
note  ymcilicol loni1 

Simplification  of  ipe  ificotlon*  foi  »oph  It  1 1 cot  rd 
*y*tem*  ond  equipment*,  ond  for  Novy  »hrpi  It  net  poulble, 
Clorificatron  *l*ould  he  ond  U thf  pool  of  the  Novy, 

(3)  "lliminutr  requirement*  of  doubtful  volut  ond  un- 
cortoin  co*t" 

V/hrir  ponihle  Novy  I*  attempting  to  tnlloi  re- 
quirement* to  fit  the  nertf*  nl  the  *hip*,  Ihtir  hn*  been 
m me  lucent*  in  the  mist  limy  ihip  proouim.  An  example 
of  tlili  It  the  u*o  of  the  le\*  thingent  Mil  - I-45200A 
qirolity  o**uroncr  requirement  Imtmtrf  nl  MII-Q-98MI  on 
the  AO  (I  lent  Oilei)  piopirrm.  ffhet*  rnntinur  to  o*t 
miuion  reody  ihlpt  ot  the  moil  economicol  price. 

(4)  "Irr^iove  accuracy  of  lotecn*ting  piolioiile  r.u*t*" 

A continuing  elfoit  to  mfuove  the  ocCurnry  of  form- 
Coitlng  proiruhle  rn*l*  hut  been  undeiwny  In  tt««  Navy.  In 
poiticulor,  ctx>*nlrinhle  improvement*  hnve  hern  rrnife  nvtr 
the  poit  few  yeu»*  t eluting  to  the  fprecoiting  of  "inflation" 
(ihlphutldinq  material  ro*t*  up  to  conhort  gwotrf)  ond  "r*co- 
lotion**  (u*e  of  BIS  indie**  rn  the  conhoct  oword),  A wmmory 
of  theie  Improvomenli  follow*- 

ticnlotion  - Commencing  in  1975  NAVSf  A developed 
o comprehensive  in-depth  report  of  the  Inmcnit  ol  the  BIS 
indice*  to  he  uted  in  i/udq*»tinq  fni  ronlrrjct  evolution,  Tliete 
foiecoiti  reieivn  in-depth  review  l»y  the  Novy  Comptioller  ond 
OSD  piioi  to  their  u*r.  The  fuie^n*tt  ore  tinted  nn  pini**cted 
price  movemenli  of  the  material  rontmorlitin  tl*ol  nlfer.t  the 
Indlcle*,  expected  wage  ogteement*  und  othm  economic  loctnr* 
Impacting  both  material  ond  Inhoi , I hr  Navy  und  Mulm 
Acquriition  Committee  RrpoM  fffMARC)  end  the  ASfKfM)  In- 
flation Study  hove  loth  con*id**ied  NAVM  A'*  nfrftt'xt'h  to  he 
both  reoli*tic  nnd  piofeilionol  ond  one  that  othm  Sy*trm*  Com- 
mond*  ihould  follow. 


(l)  It  li  recognized  lltol  thli  ot  o “pool",  prfcb- 
obl y Impotilble  of  total  occomplnhmenl , 


(2)  Novy  hot  mode  0 remnnahlr  rrtpnnte  ©I  Uirit 
©n  the  iwrloce.  Clot  If  lent  lor*  onH  ©myronce 
of  contlitency  between  interdependent  iprrl- 
llcoflont  would  teem  to  be  the  more  appro- 
priate pool. 

(3)  It  li  douhtml  thot  reply  could  hove  h#©n  ex- 
pected to  toy  much  ©We, 


(4)  Thlt  contemplate*  fat  more  than  Impiovlng 
qnollty  of  Inflntion  lot  emit*.  hnUihly, 
rttent  itudy  effort*  to  Ihrd  nut  **whnt*i 
wrung  with  ©ur  edlmptlng  *y*trm"  I*  n ftn 
mote  ilgnlflcitnl  ©flort  to  **lmprove  oi curacy". 


Corpi 
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Inf  lotion  - Commencing  in  1973  NAVSEA  hot  solicited 
the  mojor  morine  vendors  for  pricing  information,  trends  ond 
forecosh  for  their  specific  morine  equipments.  This  opprooch 
is  considered  more  realistic  in  estimating  the  basic  contractor's 
cosh  thon  the  use  of  broadly  bosed  BLS  indices.  At  the  onset 
in  1973  opproximotely  12  vendors  were  solicited.  In  develop- 
ing the  current  budget  guidonce  os  mony  os  150  morine  vendon 
hove  participated. 


Participation  in  Inflotion/Escolotion  Study  Groups  - 
NAVSEA  is  on  octive  member  in  the  Navy  Steering  Group 
on  Inf lotioo/Es colotion  whereby  there  is  o mutvol  exchong* 
of  economic  information  between  the  Systems  Commands  os 
well  os  occess  to  forecosh  by  the  leading  private  economists. 

In  addition,  NAVSEA  is  participating  with  the  Bureou  of 
Economic  Anolysis,  Deportment  of  Commerce  in  the  develop- 
ment of  improved  indices  for  shipbuilding . This  porticulor 
effort  will  provide  for  inputs  from  the  leoding  morine  vendor 
ond  shipyards  os  well. 

(5)  "Provide  reosonobly  for  known  ond  unknown  con- 
tingencies * 

The  Armed  Services  Procurement  Regulation  Monuol 
(ASPM  No.  1)  does  allow  consideration  for  "contingencies." 
However,  it  must  be  remembered  tbot  risks  must  be  ossumed 
by  both  the  government  ond  the  contractor.  The  pool  should 
be  o reosonoble  balonce  of  risk  between  the  government  ond 
the  contractor. 

(6)  "Improve  occurocy  of  GFI" 

An  instruction  issued  by  the  Novel  Seo  Systems  Com- 
mond  in  Jonuory  1976  provided  improved  procedures  for  the 
management  of  GFI,  One  of  the  feotures  of  the  improved 
procedures  is  o requirement  for  Porticipoting  Monogers 
( PAFlMs)  (those  Novy  organizations  that  hove  responsibility 
for  hordwore  acquisition)  to  perform  o quolity  review  of  GFI 
occurocy  ond  odequocy  prior  to  delivery  to  the  shipbuilder. 
Another  feotvre  is  o GFI  Deficiency  Report  by  which  the  ship- 
builder sholl  report  GFI  deficiencies  for  government  corrective 
oction.  The  designation  of  o central  GFIogent  at  the  Novol 
Ship  Weopons  Systems  Engineering  Stotion,  Port  Hueneme, 
Californio,  is  olso  expected  to  provide  odditionol  improvement 


(5)  The  philosophy  implicit  in  this  reply  is  objec- 
tionoble.  The  builder  should  be  responsible 
for  estimating  cost  of  doing  known  required 
work.  He  should  be  risk  free  in  the  orea  of 
estimating  the  unknown  - the  buyer  not  the 
builder  specifies  tne  product.  No  matter 
whot  Novy  soys,  the  process  if  iteration  of 
cost  onolysis  inherent  in  complying  with  P.L. 
87-653  os  now  done  forces  out  of  the  estimate 
ony  cost  provision  for  solving  this  unknown 
(in  fixed  price  type  contracts).  In  effect  the 
resulting  "reasonable  balonce  of  risk"  is  thus 
fixed  of  Novy-0,  builder  100  - pending 
"cloim"  ond  cloim  resolution. 

(6/7)  These  replies  do  indicote  tbot  Novy  is  trying 
to  upgrade  the  quolity  of  GFI  ond  formally 
to  recognize  thot  there  ore  cost  ond 
schedule  consequences  stemming  from 
inoccurocies.  Whether  this  carries  on  to 
reosonoble  ottitude  in  pricing  the  cost  of 
correction  re moiru  unknown  but  doubted. 


(7)  "Recognize  cost  ond  production  consequences  of  erron- 
eous ond  incomplete  GF»  ond  oeioyed  delivery  of  both 
GFI  ond  GFE" 

The  NAVSEA  instruction  of  Jonuory  1976  on  GFI  manage- 
ment provides  o contract  douse  for  GFI  requirements  for  inclusion 
In  shipbuilding  contracts.  Port  of  thot  douse  recognizes  the  gov- 
ernment's responsibility  for  on  equitable  adjustment  to  the  contract 
for  octiom  regording  changes  in  GFI  delivery  dates. 
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(8)  "Ensure  thol  QA  requirements  ore  compotible  with 
primorv  specincotiont** 

(9)  "Minimize  redundont  QA  stondordt" 

(10)  "Administer  QA  prooroms  with  professionol  judg* 
ment  ond  reosonoblencss" 

(l  1 ) "Accept  full  cost  responsibility  for  introduction 
of  new  QA  inspection  techniques  during  con- 

struction cycle" 

(12)  "Limit  QA  octions  to  requirements  of  controctuol 
ogreement " 

There  ore  o number  of  octions  recently  completed  ond 
in  the  plonning  itoge  to  improve  the  overoll  OA  progrom. 
Actions  recently  completed  include: 

(i)  A review  of  the  diversity  of  interpretations  of 
quolity  requirements  for  shipbuilding/ship  repoir  oppli co- 
tion  thot  seemed  to  be  cousing  difficulty  omong  the  ship- 
building ond  Supervisor  of  Shipbuilding  (SUPSHIP)  community. 
Since  this  review,  extensive  meetings  were  held  with  the 
Shipbuilding  Council  which  provided  o stondord  interpreto- 
♦ion  of  quolity  requirements  for  shipbuilding  ond  ship  repoir 
which  could  be  specified  in  the  request  for  propotol  ond 

con  trod. 

(ii)  An  ossessment  of  the  totol  troining  needs  of 
the  SUPSH1P  Quolity  Assuronce  orgonizotioos.  SUPSH1P 
Quolity  Assuronce  personnel  hove  recently  ottended  troining 
courses  conducted  by  NAVSEA  ond  FLTAC  Troining  Center 
in  the  oreos  of  Ml l- 1-4 5 208 A opplicotion  ond  Procurement 
Quolity  Assuronce.  However,  becouse  of  the  severe  con- 
stroinls  placed  on  SUPSHIPS  by  the  Congress  budgetory  cuts, 
the  SUPSHIPS  troining  plons  hove  been  curtoiled  or  ceosed. 

Actions  plonned  for  FY  77  include: 

(i)  Continue  to  conduct  reviews  of  SUPSH!  P quolity 
ossuronce  programs  both  new  construction  ond  repoir  ond 
olterotion,  to  determine  variotioos  in  resources,  methods 
end  procedures,  quolity  ossuronce  techniques  ond  orgonizo- 
tionol  opproocbti  to  quolity. 

(ii)  Initiote  efforts  to  standardize  quolity  require- 
ments, where  feasible,  by  type  of  ship  and/or  design  con- 
figuration. 


(8-  12)  Inclusive,  both  this  reply  ond  the  recent 
formol  invitotion  to  explore  with  NAVSEA 
the  desirability  of  "interpreting  for  ship- 
building" the  requirements  of  M1L-Q-9858 
suggest  thol  the  Novy  is  awokening  to  the 
many  Inoppropriote  octions  token  by  its  field 
inspectors  in  the  nome  of  quolity  ossuronce. 
Almost  iurely,  however,  this  attitude  does 
not  extend  to  the  nuclear  field. 
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Upon  completion  of  oil  t We  octions  plonned  ond 
undorwoy,  it  is  expected  thot  the  following  will  be  obit 
to  be  occomplished: 


(i)  Molte  necessory  chonges  to  ensure  optimum 
quolity  ossuronce  orgoni zotions  ond  staffing  pottems  for 
SUPSHIP  subject  to  budgeting  conjtroints. 

(ii)  Establish  o totol  troining  program  for  SUPSHIP 
personnel  ogoin  subject  to  budgetary  constraints. 

(ill)  Standardize,  osoppropriote,  quality  ossuronce 
requirements. 

(iv)  Provide  uniform  interpretation  of  quolity  require- 
ments for  sbipbuilding/ship  repoir  application. 


Considerable  volidity  attends  this  assertion. 
On  the  other  bond,  there  is  much  less  otten- 
tion  topreventing  ’’getting  owoy  with  it"  in 
the  commerciol  field  ond  the  commercial  ships 
seem  to  stood  up. 

ing  the  contractor's  quolity  ond  performance,  become  "doubters" 
expecting  negative  performonce  by  the  contractor.  Every 
effort  must  be  mode  by  both  sides  to  estoblish  mutual  under- 
standing ond  trust. 


The  question  of  ottitude,  however,  is  not  one-sided 
on  the  port  of  government  ogents.  Regrettably,  too  often 
the  ottitude  of  the  contractor's  personnel  is  not  "ore  we 
providing  what  the  ^>ecifi  cot  ions  require"  but  "who*  is 
the  obsolute  minimum  we  con  get  by  with  providing.*'  be- 
come of  this,  government  personnel  responsible  for  monitor- 


EXHIBIT  B.2 

SUMMARIES  OF  TWENTY 
SIGNIFICANT  STUDIES  ON 
ACQUISITION  PROCEDURES 
1939  - 1977 
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1 . REPORT  OF  BUREAU  OF  SUPPLIES  AND  ACCOUNTS 
TO  SECRETARY  OF  THE  NAVY 


Subject:  Cost  of  Naval  Ships 

Date:  21  September  1939 

The  study  was  initiated  by  SECNAV  "to  answer  the  repeated  question 
from  members  of  Corgress  and  others:  Why  do  Naval  vessels  cost  so  much?". 

The  subject  was  analyzed  by  partial  attention  to  the  following  questions: 

Why  do  Naval  ships  cost  so  much? 

How  do  present  day  costs  compare  with  former  costs? 

What  do  the  costs  represent? 

How  can  costs  be  controlled? 

The  study  reviewed  the  history  of  naval  construction  and  factors  of 
national  policy  from  1890  to  1939.  Standards  of  comparison  and  influences 
on  cost  were  listed.  Comparative  costs  of  construction  were  given  for 
battleships,  cruisers,  destroyers,  submarines,  aircraft  carriers  and  auxiliaries 
for  three  periods  of  construction  activity.  Cost  data  consisted  of  total  cost 
per  ship,  cost  per  horsepower,  and  cost  per  ton.  The  study  also  indicated  that 
influences  of  national  policy,  competition  and  capacity  of  the  industry,  and 
the  impact  of  labor  and  legislative  changes  have  an  effect  on  fvbval  ship  costs. 
A short  narrative  and  some  foreign  costs  were  provided  to  supplement  cost 
data  in  a general  way. 
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A brief  comparison  of  cost  factors  in  Navy  yards  versus  private  yards 
was  made,  but  it  was  not  quantitative.  It  should  be  noted  that  the  Merchant 
Marine  Act  of  1936  authorizes  the  construction  of  merchant  ships  in  Naval 
Shipyards  if  commercial  facilities  are  unavailable  or  if  prices  are  not  reasonable. 
The  study,  however,  considered  Navy  shipyard  costs  are  of  doubtful  value  in 
lowering  prices  paid  for  ships  in  private  yards. 

Adjustments  to  contracts  for  inflation  and  profit  were  noted,  and  a 
suggestion  was  made  that  cost  plus  fixed  fee  contracts  with  an  incentive 
clause,  would  be  the  best  way  for  Navy  to  contract  for  ships. 


Conclusions 


Cost  af  Naval  ships  increased  because  of  technological  progress, 
i.e.,  increased  horsepower  and  improved  materials. 

Cost  of  ships  increased  due  to  inflation  in  the  economy. 

Costs  are  relative  only  for  similar  ships  built  in  the  same  approximate 
period. 

Complete  knowledge  af  current  labor  and  material  prices  and 
production  methods  in  detailed  items  is  needed  far  determining 
reasonable  costs. 

More  effort  must  be  taken  to  assure  reasonableness  of  estimates 
and  in  holding  to  them  during  production. 

When  contracts  are  negotiated  the  costs  should  be  carefully  investi- 
gated and  a detailed  knowledge  of  approximate  costs  obtained. 
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2.  REPORT  OF  STUDY  BY  CHIEF  OF  NAVAL  OPERATIONS 

(Holloway  Report) 

Subject:  New  Construction  Costs  of  Major  Warships 

Date:  December  1,  1967 

The  study  was  authorized  in  October  1967  to  determine  the  causes  of 
rising  costs  of  naval  ships.  From  a large  amount  of  cost  and  narrative  material, 
three  warships  in  the  1967  program  were  selected  for  review,  namely,  CVAN, 
DLGN,  and  SSN.  Costs  were  compared  using  current  estimates  for  these  ships, 
costs  of  similar  completed  ships,  and  costs  of  the  similar  completed  ships  under 
current  economic  conditions. 

The  original  estimate  for  CVAN  68  computed  in  1964  was  compared  to 
the  current  estimate  of  1967.  Navy  procurement  practices  and  a ten  year 
history  of  ten  weapons  systems  were  also  included  in  the  report. 

Conclusions 

On  the  ships  as  a group,  cost  differences  (increases)  were  attributable  to: 

1.  Inflation  (material  and  labor) 

2.  Specification  changes 

3.  Design  differences  (nuclear  propulsion;  other  principal  items) 

4.  Change  order  differentials 

5.  Accounting  changes 

6.  ILS  (Integrated  Logistics  Support) 


From  1958-1967  the  overage  cost  of  ships  increased  by  6.6  percent  per  year, 
but  on  the  CVAN  it  increased  by  an  average  of  8.4  percent  for  three  years 
(1964- 1967), which  is  roughly  the  same  as  annual  cost  increases  for  all  ship 
types  over  the  corresponding  period.  This  was  due  to  a higher  increment  of 
inflation  in  the  latter  years. 

Savings  in  shipbuilding  costs  could  be  achieved  through: 

1 . Learning  curveswhich  were  in  effect  at  the  time 

2.  Elimination  of  design  changes 

3.  Multi-ship  and  multi-year  procurement 

4.  Concept  formulation  and  project  definition 

A true  cost  comparison  isan extremely  complex  process.  There  are  no 
models  which  can  satisfy  the  requirements  of  analysis  completely. 

Estimating  by  NAVSHIPS  is  relatively  simple  and  gives  satisfactory 
results  for  NAVSHIPS'  requirements.  But,  it  is  limited  by  format  and  output 
and  is  not  adequate  to  provide  cost  data  either  in  variety  or  detail  to  promptly 
respond  to  valid  requirements  of  naval  activities  having  need  for  this  infor- 
mation for  parametric  studies  or  operational  analysis.  There  must  be  a focal 
point  for  all  costs  and  it  must  be  staffed  and  facilitated. 
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3.  REPORT  OF  THE  NAVSHIPS  PROCUREMENT  REVIEW  GROUP 


(Sanders  Scanlon  Report) 

Subject:  An  Evaluation  of  the  Effectiveness 

of  the  Ship  Procurement  Process 

Date:  30  January  1969 

Since  the  effectiveness  of  NAVSHIPS  procurement  was  being  questioned 
by  outside  authority,  this  study  was  initiated  to  analyze  every  aspect  of  the 
procurement  process  for  effectiveness.  Command  needs  were  identified  and 
it  was  determined  by  detailed  review  whether  the  process  met  them.  The  focus 
was  on  ships,  as  the  largest  system.  It  was  assumed  that  more  compliance  with 
ASPR,  OSD  , and  Navy  policies  was  not  necessarily  a good  test  for  effectiveness. 

The  Review  Group  established  43  recommendations  for  improvements 
in  the  procurement  process  under  the  following  five  major  categories: 

. Ship  Procurement  Effectiveness  (11  recommendations) 

. Financial  Management  Process  (7  recommendations) 

. Technical  Development  Process  (2  recommendations) 

. Evaluation  of  Procurement  Actions  (16  recommendations) 

. Achievement  of  Procurement  Management  Objective  (7  recommendations) 

Four  major  measures,  namely  cost  control,  milestone  achievement,  ship  performance 

and  standardization,  were  used  in  developing  the  recommendations.  Principal 

conclusions  were: 
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Cost  Control 

Eleven  completed  ships  with  cost  records  were  used  for  the 
review.  Values  for  factors  which  influence  cost  variances  were  listed. 
Variances  offset  to  a considerable  degree.  Effectiveness  of  control 
depends  on  the  criterion  used.  Using  a Z 3.7%  cost  variance  on 
DLGN  35  as  a base,  eight  of  ten  other  ships  in  the  sample  indicate 
inadequate  cost  control,  although  the  average  11  ship  variance  was 
only  (-)  2.9%.  On  an  "absolute”  basis,  seven  of  the  11  ships  met 
the  objectives  because  the  costs  were  below  budget  estimates. 

The  report  indicates  that  the  small  total  decrease  of  the  11 
sample  ships  would  indicate  that  NAVSHIPS  planning  and  cost  estim- 
ating for  ships  needs  no  improvement.  However,  when  individual 
ship  costs  are  analyzed,  it  indicates  that  NAVSHIPS  must  expend  an 
unusually  large  part  of  its  efforts  trying  to  control  a fluid  cost  situation. 

The  variance  by  cost  categories  for  the  11  ships  showed  that 
changes  initiated  by  NAVSHIPS  and  others  generated  the  largest 
increases,  while  the  variances  for  the  basic  construction  and  GFM 
resulted  in  significant  decreases. 
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Milestone  Achievement 


Milestones  were  changed  so  frequently  that  they  become 
essentially  uncontrolled  events.  Planning  is  based  on  optimum 
conditions  that  seldom  prevail.  Ship  delivery  variance  for  39 
ships  averaged  10.4  months  delay,  which  had  adverse  cost  effects 
on  several  accounts.  Twelve  major  causes  of  delay  were  identified 
with  a breakdown  of  percentage  magnitude. 

Planned  delivery  date  is  the  most  important  milestone  and, 
in  most  cases,  it  is  not  achieved. 

Ship  Performance 

Ship  costs  are  affected  by  deficiencies  and  time  it  takes  to 
correct  them.  To  the  extent  that  they  are  Navy  responsibility  (GFM, 
GFE,  specifications,  etc.),  milestones  and  estimates  are  adversely 
impacted.  Navy  improvement  is  needed  as  42%  of  deficiencies  at 
final  trials  were  Navy  responsibility. 

Standardization 

Lack  of  standardization  increases  the  costs  of  ships.  It  does  not 
exist  to  the  desired  degree  on  Navy  ships,  and  little  progress  has  been 
achieved  to  improve  the  matter. 
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Cost  Estimating 


In  a detailed  treatise  of  the  Financial  Management  Process, 
a section  is  devoted  to  effectiveness  of  cost  estimating,  pp.  125-135. 
The  following  adverse  elements  can  be  considered  as  problems: 


Characteristics  and  cost  data  are  not  readily 
available  for  new  ship  concepts. 

Changes  in  design  may  go  beyond  estimates  and 
future  characteristic  funds. 

Changes  in  specifications  and  GFM  during  construction 
may  go  beyond  estimated  budget. 

GFM  list  is  not  firm  nor  priced  out  for  budget  purposes. 

Changes  in  political/economic  conditions  are  difficult 
to  forecast  and  budgets  frequently  missed  their  mark  on 
this  point. 

If  budgets  anticipated  construction  in  private  yards, 
but  subsequent  decision  required  construction  in 
naval  shipyard,  the  end-cost  budget  price  is  too  low. 


Several  of  the  recommendations  were  directly  related  to  ship  acquisition 
cost  estimating.  These  are: 


Recommendation  Number 


1 1 1-6  That  NAVSHIPS  clarify  the  relationship  between 

SHIPS  05 F and  SHAPMs  to  provide  greater  SHAPM 
control  of  ship  budget  estimates  and  preliminary 
procurement  plans. 
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Recommendation  Number 


IV-2 


IV-3 


IV-4 


IV-5 


That  the  existing  end  cost  funding  policy  for 
ship  construction  be  modified  to  provide  for 
supplementary  funding  to  cover  cost  growth 
resulting  from  an  economic  growth  rate  greater 
than  that  predicted  and  other  factors  beyond 
Navy  control. 


That  action  be  taken  to  improve  the  compati- 
bility between  cost  estimates  cited  in  basic 
programming  documents  (such  as  the  FYDP 
and  NPO),  and  those  used  for  budget  submissions. 
Until  this  is  accomplished,  NAVSHIPS  must 
maintain  a continuing  external  relations  program 
to  improve  our  cost  estimating  image  at  higher 
levels  of  command. 


That  a formal  procedure  be  developed  jointly 
by  NAVSHIPS  and  OPNAV  to  secure  timely 
redefinition  of  a proposed  ship  in  cases  where 
NAVSHIPS  cost  estimates  are  modified  during 
the  budget  process  by  higher  authority  without 
a compensating  change  in  ship  description. 


That  ship  construction  financial  records  and 
reports  now  maintained  separately  by  SHIPS 
02,05,10  and  SHAPMs  be  systemized  to  pro- 
vide a central  data  source  independent  of 
SHIPS  05F  and  readily  accessible  to  other 
elements  of  the  Command  for  periodic  Command 
appraisal,  studies  and  general  information  of 
all  concerned. 


B-93 


4. 


REPORT  OF  CENTER  FOR  NAVAL  ANALYSES 

TO  DIRECTOR,  SCN  PRICING  AND  COST 

CONTROL  STUDY 

Subject:  Study  of  Economic  Factors  Applicable  to  Shipbuilding 

Date:  10  February,  1969 

Purpose  of  the  study  was  to  measure  the  influence  of  economic  forecasts 
of  prices  and  market  conditions  from  1961-1967  on  Navy's  fiscal  problems. 
Questions  to  be  answered  were: 

. What  is  difference  between  budget  estimate  forecasts  and 

current  estimates? 

. Which  portion  of  difference  is  attributable  to  forecasts? 

. Should  estimators  be  responsible  for  economic  forecasts, 

or  should  a higher  authority  do  them? 

. What  other  aspects  of  the  problem  require  management 

attention  and  decision? 

Conclusions 

. Based  on  absolute  differences  there  was  a variance  of  13.7%- 

20.6%  between  original  budget  estimates  and  current  estimates 
during  individual  years  of  the  1961-1967  period,  but  because 
of  the  mix  of  overestimates  and  underestimates  the  net  difference 
was  only  2.3%  for  the  entire  period. 

• Forecasting  errors  alone  varied  between  0.8%  - 6.2%  during 

individual  years,  for  a net  average  of  2.4%  for  the  entire  period. 
It  appears  that  the  net  forecasting  error  is  nominally  equal  to 
the  entire  net  difference  in  the  estimates,  but  the  comparison 
is  misleading,  as  several  other  factors  are  involved. 
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. There  is  no  compelling  reason  for  locating  forecasts  at  a 

higher  level.  The  estimating  office,  05F,  has  more  infor- 
mation on  the  shipbuilding  industry  than  any  other  place  in 
government.  There  is  no  reason  to  expect  an  improvement 
in  forecasts  at  a more  authoritative  level,  major  errors 
made  in  05F  were  also  made  by  other  professional  price 
forecasters  in  the  same  period. 

Suggestions  for  Ship  Cost  Estimating 

. The  addition  or  assignment  of  a staff  member  whose  full-time 
job  would  be  concerned  with  price  forecasting  and  with  pre- 
diction of  market  conditions  in  shipbuilding  and  related  industries. 

. The  use  of  this  individual  as  liaison  with  groups  in  the  govern- 
ment, industry,  and  the  universities  that  are  engaged  in  con- 
struction of  indices,  the  economic  study  of  industrial  organization, 
and  economic  forecasting,  and  to  get  consulting  help  from  them 
as  needed. 

. The  use  of  such  consulting  help  to  set  up  an  explicit  system  that 
would  allow  the  cost  estimating  group  to  see  how  well  it  was 
doing  and  to  display  to  others  in  DOD  what  it  was  doing. 
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Such  suggestions  do  not  provide  promise  of  vast  cost  improvements, 
but  they  would  promote  an  increase  in  credibility  and  documentation  of  the 
SCN  ship  estimating  process. 

The  study  included  analyses  of  several  other  causes  of  cost  differences 
between  budget  and  current  estimates,  such  as  change  in  specifications,  in- 
sufficient design  data  and  changes  in  design  data,  escalation,  etc.  Appendix 
A notes  the  nature  and  problems  of  indices;  Appendix  B is  a treatise  on  pro- 
ductivity; Appendix  C deals  with  escalation  computations.  The  appendices 
mentioned  above  refer  to  the  CNA  Study  per  se  and  are  not  included  in 
this  Appendix. 


5.  SCN  PRICING  AND  COST  CONTROL  STUDY 


Subject:  Chief,  Naval  Material  SCN  (Shipbuilding  and  Conversion, 

Navy)  Pricing  and  Cost  Control  Study 

Date:  April  1,  1969 


The  SCN  (Shipbuilding  and  Conversion,  Navy)  Pricing  and  Cost  Control 
Study  was  initiated  8 August  1968  by  the  Chief,  Naval  Material  as  a result  of 
evidence  that  the  SCN  appropriation  would  incur  a deficiency  if  the  Navy  was 
to  continue  its  plan  to  build  and  convert  all  the  ships  then  in  its  authorized 
program.  It  was  staffed  by  Department  of  Navy  personnel.  The  study  com- 
mission was: 

"Objective.  To  identify  and  describe  those  improvements  and  modifica- 
tions to  existing  shipbuilding  and  conversion  management  systems,  in- 
cluding organizational  relationships,  which,  when  implemented,  will 
seek  to  ensure  that  all  programmed  new  Navy  ships  can  be  acquired 
and  all  programmed  conversions  accomplished  within  funds  provided  in 
the  SCN  appropriation.  To  this  end,  the  management  system  must  in- 
clude provision  for  the  development  and  maintenance  of  valid  estimates 
for  programmed  ships  and  effective  means  of  controlling  costs  within 
the  total  limit  of  the  SCN  appropriation." 

The  study  identified  two  major  time-refated  groupings  of  events  during 
which  important  decisions  affecting  SCN  program  control  were  made.  These 
were: 


The  planning  and  pricing  period 
The  cost  control  period 
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FINDINGS  AND  CONCLUSIONS 


The  major  causes  for  the  current  funding  deficiency  in  the  SCN  program 
are  found  traceable  to  the  following,  all  of  which  contributed  in  varying  de- 
grees to  the  total  result: 

. Inadequate  planning  for  the  early,  firm  definition  of  ships. 

. Funding  of  developmental  systems  and  experimental  ships  under 

SCN. 

. Reducing  budget  prices  of  ships  below  those  developed  by  pro- 

fessional ship  cost  estimators. 

. Inadequacy  of  specifications,  control  of  change  orders,  and 

early  anticipation  of  claims. 

, Lack  of  adequate  management  information  and  cost  control 

systems  for  Ship  Acquisition  Project  Managers  (SHAPM). 

. Unsuccessful  control  of  naval  shipyard  new  construction  and 

conversion  work. 

. Failure  always  to  balance  program  decisions  with  their  cost 

impacts. 

. Shortages  of  manpower  at  NAVSHIPS  Headquarters  and  other 

SCN  management  support  activities. 

. Inability  to  forecast  accurately  for  two  to  five  years  economic 

conditions  in  the  shipbuilding  industry. 

. Reprogramming  of  apparent  excess  funds  to  offset  new  program 

requirements. 
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RECOMMENDATIONS 


The  study  submitted  83  recommendations,  which  when  implemented  are 
intended  to  improve  the  ability  of  the  Navy  to  maintain  fiscal  control  of  the 
program.  The  list  of  recommendations  covered: 

. Continuation  of  end- costing 

. Policy  coherence 

. Control  of  concurrent  development  project 

• Stability  and  depth  of  planning 

• Estimating  capability 

• Economic  factors 

• Pricing  practices 

• Strengthening  ship  acquisition  managers  program  and  cost 
management 

• Improved  SCN  management  information  system 

• Control  of  specifications,  change  orders  and  material 

• Disciplined  decision  making  and  configuration  management 

• Expanded  use  of  concept  formulation/contract  definition 

• Improved  management  of  ship  construction  and  conversions 

at  naval  shipyards 

• Balancing  of  personnel  resources  to  need 

• Implementation  plan 


{ 


A number  of  the  recommendations  relate  either  directly  or  indirectly 
to  ship  acquistion  estimating  techniques.  These  are  (number  identifies  recom- 
mendation in  SCN  Report): 

CHAPTER  IV. C Gontrol  Of  Concurrent  Development  Projects 
IV.C-2  NAVSHIPS  ensure  that  estimates  covering  developmental 

systems  or  equipments  included  in  the  characteristics  for  a 
ship  are  realistically  based  on  statistical  analyses  of  cost 
growth  and  cost  impact  developed  from  past  concurrency 
decisions.  In  addition,  designs  and  plans  for  such  ships  should 
include  a fail-back  position  which  would  permit  continuation 
of  construction  in  the  event  the  development  item  fails  to  meet 
its  cost,  schedule  or  performance  objectives. 

CHAPTER  IV. D Stability  And  Depth  Of  Planning 

IV.D-2  OPNAV,  in  planning  for  Program  Objectives,  give  sufficient 

emphasis  to  the  second  year  of  the  plan  and  attempt  to  define 
it  adequately  to  permit  the  development  of  at  least  class  "D" 
(Feasibility  Estimate)  estimates  for  that  year.  For  the  out  years, 
studies  sufficient  only  to  develop  class "F"  (Ball  Park)  estimates 
should  be  performed. 
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IV.D-4 


IV.D-5 


IV.D-6 


IV.D-9 


CHAPTER 


IV.E-1 


IV.E-2 


OPNAV  provide  Single  Sheet  Characteristics  for  new  construction 
projects  21  months  before  the  start  of  their  program  year;  27  months 
formuiti-ship  or  complex  conversions. 

OPNAV  provide  Approved  Characteristics  for  new  construction  projects 
15  months  before  the  start  of  their  program  year;  18  months  for  multi-ship 
or  complex  conversions. 

The  CND  defer  any  ship,  except  those  undergoing  full  CF/CD, 
for  which  Approved  Characteristics  are  not  established  15  months 
(18  months  for  multi-ship  and  complex  conversions)  before  tfie 
start  of  its  program  year. 

NAVSHIPS  ensure  that  Ship  Acquisition  Plans  are  initiated  18 
months  before  the  start  of  the  program  year  for  new  construction 
projects,  24  months  for  conversion  projects. 

IV. E Estimating  Capability 

OPNAV  require  that  estimates  submitted  to  higher  Navy  levels 
during  the  decision-making  process  be  categorized,  by  an 
appropriate  classification  system,  to  indicate  the  level  of  information 
or  other  direction  available  to  the  cost  estimator  at  the  time  the 
estimate  was  prepared.  (This  has  been  implemented  by  OPNAVINST 
7720.2  of  8 February  1969,  which  was  developed  by  this  study.) 
NAVSHIPS  develop  a greater  in-depth  estimating  capability  by 
establishing  a significantly  greater  data  bank  and  obtaining  more 
detailed  cost  information  from  commercial  bidders  and  naval  shipyards. 
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IV.E-3 


NAVSHIPS  augment  its  cost  analysis  staff  and  enhance  its 
capability  for  initial  cost  analysis  of  data  on  hand  and  of  the 
data  to  be  obtained  to  improve  the  estimating  of  cost  appro- 
priate to  feasibility  studies,  preliminary  designs,  and  associated 
trade-off  analyses. 

IV.E-4  NAVSHIPS  ensure  that  early  adequate  definition  is  obtained 

for  all  ships  in  the  Fiscal  Year  1970  program  to  permit  assignment 
of  class"C"  estimates  to  the  total  program. 

CHAPTER  IV.  F Economic  Factors 

IV.F-1  NAVSHIPS  ensure  that  recognition  is  given  to  the  fact  that  the 

use  of  a consistent  formula  for  forecasting  SCN  escalation  require- 
ments will  result  in  excesses  in  favorable  years  and  deficiencies 
in  unfavorable  years.  Accordingly,  the  reprogramming  of  excesses 
in  favorable  years  should  be  weighed  carefully  against  the  risks 
of  deficiencies  in  future  years. 

IV.F-2  NAVSHIPS  prepare  a confidential  annual  survey  of  conditions 

to  be  anticipated  in  the  shipbuilding  industry  during  the  forth- 
coming and  subsequent  (budget)  year.  Among  other  objectives, 
the  survey  should  specifically  attempt  to  forecast  economic 
factors  such  as  labor  and  material  escalation,  profit  margins, 
and  productivity  factors.  The  survey  should  include  such 
additional  items  as  availability  of  manpower,  probabilities  of 
schedule  adherence  and  other  conditions  which  would  have 
bearing  on  program  decisions. 
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IV.F-3 


NAVSHIPS  develop  and  NAVCOMPT  recommend  to  OSD,  prior  to 
official  submission  of  the  budget,  the  percentage  factors  to  be 
used  for  escalation  in  developing  SCN  estimates  for  the  budget 
year.  Agreements  on  these  statistical  factors  should  be  reached 
as  part  of  the  general  guidance  memoranda  and  not  be  subject 
to  revision  during  the  detailed  budget  review.  A similar  approach 
should  be  used  for  other  statistical  factors  used  in  SCN  estimating 
such  as  percentages  allowed  for  change  orders  and  future  charac- 
teristics changes  and  other  growth  factors. 

CHAPTER  IV. G Pricing  Practices 

IV.G-1  SECNAV  issue  a basic  policy  statement  that  will  discourage 

the  establishment  of  prices  for  SCN  ships  when  such  prices  have 
not  been  supported  by  the  official  estimating  process. 

IV.G-2  OPNAV(SCB)  thoroughly  evaluate  the  long-range  effect 

of  deleting  desirable  characteristics  from  a ship  before  they  are 
deleted  to  obtain  an  end-cost  estimate  that  is  within  an  arbitrary 
price  ceiling.  There  should  be  reasonable  assurance  that  they 
will  not  be  reauthorized  as  a change  during  the  construction  period. 
CHAPTER  IV.  J Control  Of  Specifications,  Change  Orders  And  Material 

IV.J-3  NAVSHIPS  require  that,  as  an  element  of  the  shipbuilding  contract 

or  pre-award  survey,  shipbuilders  provide  network  diagrams  in 
sufficient  detail  to  establish  the  time  relationship  of  major  GFM, 
GFI  and  CFM  items  in  controlling  ship  progress. 
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CHAPTER  IV. K Disciplined  Decision-mokinq  And  Configuration  Management 


IV.K-9  NAVSHIPS  develop  full  Configuration  Management  and  change 
control  procedures  for  implementation  immediately  upon  sub- 
mission of  Fiscal  Year  1972  budget  estimates  to  ensure  that 
characteristics  do  not  change  without  compensating  decisions. 

CHAPTER  IV. N Balancing  Of  Personnel  Resources  To  Needs 

IV.N-1  CNM  reprogram  from  the  field  approximately  700  civilian 

personnel  spaces  within  the  total  personnel  ceiling  of  97,348 

available  to  NAVSHIPS  to  meet  currently  identified  added 

requirements  for  SHAPMs  (400  increase);  SUPSHIP  (233  increase); 

related  staff  functions  (35  increase);  and  to  provide  a balance 

(32)  for  requirements  to  be  more  specifically  identified  with  the 

implementation  of  the  Study's  recommendations. 

NOTE:  Included  in  the  studyis  a recommendation  for  an 
increase  of  12  cost  estimators  and  cost  analysts. 

IV.N-2  CNM  similarly  adjust  Headquarters  ceilings  of  other  supporting 
SYSCOMS  to  meet  increased  staffing  requirements  resulting  from 
the  improvements  to  the  SCN  management  system. 
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ESTIMATING  CAPABILITY 


In  the  discussion  on  cost  estimating  it  was  stated  that  there  was  a 
widely  held  opinion  that  deficiencies  in  the  estimating  capability  of  NAVSHIPS 
might  be  the  basic  reason  for  the  deficit  status  of  the  SCN  appropriation  pointed 
toward  the  necessity  for  an  early  examination  of  that  function  to  determine 
existing  deficiencies,  associated  problems  and  areas  requiring  improvement. 

The  report  leads  to  the  conclusion  that  ship  estimating  is  adequate  in  situations 
where  ships  are  well  defined. 

Ati  in-depth  statistical  analysis  of  NAVSHIPS  estimates  compared  with 
industry  at  the  time  of  bid  and  proposal  evaluation  showed  that  the  NAVSHIPS 
estimates  for  the  basic  contract  price  (54  percent  of  total  ship  end  cost)  show 
an  average  deviation  from  bid  prices  of  less  than  4 percent  (-2.9  percent  for 
new  construction  to  3.6  percent  for  conversions)  for  the  FY  64  to  FY  68  programs. 
It  is  apparent  that  estimating  is  not  an  exact  science,  as  evidenced  by  the  wide 
disparity  among  bids  submitted  by  contractors  for  the  same  bid  package.  It  is 
apparent,  also,  that  the  NAVSHIPS  estimating  capability  (at  time  of  bid  and 
proposal  evaluation),  on  a program  basis,  has  proved  satisfactory  as  compared 
with  industry  performance. 
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6.  BOOZ -ALLEN  COST  CONTROL  STUDY 


Subject:  A Survey  of  Government  and  Industry  Cost  Estimating 

and  Cost  Control 

Date:  April  10,  1969 

This  study  was  undertaken  at  the  request  of  the  Chairman  of  the  SCN 
Pricing  and  Cost  Control  Study.  The  objective  was  to  provide  a frame  of  refer- 
ence within  which  cost  estimating  and  cost  control  as  practiced  in  the  Navy 
Shipbuilding  and  Conversion  Program  (SCN)  can  be  evaluated.  The  report 
describes  practices  and  illustrative  case  studies  based  on  the  analysis  of  infor- 
mation acquired  on  programs  conducted  by  the  following  activities,  and  the 
degree  of  relevance  of  these  programs  examined  to  the  SCN  Program: 

. Naval  Air  Systems  Command 

. Naval  Ordnance  Systems  Command 

. Naval  Facilities  Engineering  Command 

. U.  S.  Army  (Research  and  Development  Programs) 

. Federal  Aviation  Administration 

. Bethlehem  Steel  Corporation,  Sparrows  Point  Shipyard 

. Two  helicopter  manufacturers 
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The  report  offered  the  following  conclusions  based  on  in-depth  survey 
and  analysis  conducted  of  the  eight  aforelisted  Government  and  private  organ- 
izations' cost  estimating  and  control  practices: 


1 . Level  of  technology  is  a key  parameter  in  cost  esimating  and  cost  con- 
trol of  a project.  Both  the  methods  used  and  the  achievable  accuracy 
are  strongly  influenced  by  technical  uncertainty  and  technological  risk. 

2.  Project  duration  is  a factor  of  lesser  importance  in  explaining  cost 
growth.  Although  longer  duration  projects  tend  to  cover  larger  cost 
growth  ranges,  the  duration  itself  does  not  cause  the  growth  to  o lorge 
extent. 

3.  Cost  estimating  is  highly  dependent  upon: 

. Degree  of  definition  and  level  of  technology  inherent  in  the 

end  item 

. Data  base  representative  of  the  end  item  in  the  environment  in 

which  it  is  to  be  produced 

. Size  and  quality  of  cost  staff 

. Existence  of  independently  determined  estimotes  and  knowledge- 

able reconciliation  of  differences 

. Influence  of  pricing 

4.  Cost  control  is  highly  dependent  upon: 

. Accuracy  in  cost  estimating 

. Frequency  of  estimoted  cost  updates 

. Accuracy  ond  timeliness  of  reports  on  accrued  costs 

. Decision-making  capability  at  critical  milestones  (i.e.,  points 

of  committing  large  expenditures,  points  at  which  technical 
objectives  are  modified,  or  points  when  cost  growths  appear 
imminent). 
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5. 


Level  of  technology  not  only  explains  cost  growth  but  also  usually 
dictates  contract  form  in  cases  where  a contractor  is  involved  with 
the  Government  and  in  cases  where  a governmental  department 
commits  itself  (i.e.,  "contracts"  with  Congress). 

In  reviewing  all  the  various  government  and  industry  programs,  it  was 
noted  that  the  Navy's  shipbuilding  program  covered  the  greatest  spread  of 
technological  uncertainty  and  risk.  In  addition,  industry,  in  general,  applies 
more  resources  to  the  estimating  process.  The  estimates  by  industry  are  devel- 
oped from  a detailed  analysis  of  all  elements  with  intensive  quantity  inputs  from 
the  technical  organization, and  price  quotations  are  obtained  from  vendors  for 
materials  and  components. 

The  study  also  shows  the  type  of  estimator  varies  with  the  level  of  tech- 
nology. In  the  area  of  no  technological  uncertainty,  the  estimator  appears  to 
be  engineering-oriented.  A different  kind  of  estimator  is  present  in  an  organ- 
ization in  which  technological  uncertainty  is  experienced;  the  personnel  used 
in  these  areas  have  statistical  training  in  their  background.  In  the  areas  of 
technological  risk,  it  was  observed  that  the  decrease  in  emphasis  upon  practical 
engineering  training  was  replaced  by  increasing  emphasis  upon  statistics  and  op- 
erations research  techniques. 
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7. 


BLUE  RIBBON  DEFENSE  PANEL  REPORTS 


Subject:  Organization  and  Management  of  the  Defense  Department 

Date:  1 July  1970 

The  Blue  Ribbon  Defense  Panel  was  appointed  by  the  President  and  the 
Secretary  of  Defense  in  July  1969.  It  was  given  the  broad  charter  to  study, 
report  and  make  recommendations  on: 


The  organization  and  management  of  the  Department  of 
Defense  and  its  effects  on  Departments'  overall  mission 
performance. 

The  Defense  research  and  development  efforts. 

The  Defense  procurement  policies  and  practices,  particularly 
as  they  relate  to  costs,  time  and  quality. 

Such  other  matters  as  the  Secretary  may  submit  to  it  from 
time  to  time . 


The  report's  recommendations  are  heavily  oriented  toward  Department 
of  Defense  organization  and  responsibilities  of  the  many  military  commands. 
The  areas  of  recommendations  broadly  cover: 


Organization 

Management  of  material  resources 
Management  and  procedures 
Management  of  personnel  resources 
Other  Management  considerations 
Conflicts  of  interest 
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Chapter  II,  Management  of  Materiel  Resources,  indicates  that  military 


hardware  development  programs  continue  to  be  plagued  by: 


Major  cost  growths  or  overruns 
Schedule  slippages 
Failure  in  performance 


The  report  concedes  that  special  problems  found  to  exist  in  the  major 
weapons  systems  acquisition  process  generally  are  applicable  to  the  acqui- 
sition of  Navy  ships.  In  addition.  Navy  ship  procurement  and  construction 
suffer  several  unique  problems  such  as: 


Only  customer  which  buys  from  its  suppliers  the  types  of  ships 
involved. 

Procurement  process  should  reflect  a concern  for  a sufficiently 
broad  industrial  base  to  provide  competition. 

As  a sole  purchaser  of  Naval  ships,  there  is  no  basis  for  com- 
parison within  the  Department  to  gauge  efficiency  of  procure- 
ment process,  when  compared  with  aircraft  and  missiles. 

Since  ship  procurement  is  more  a construction  that  a production 
process,  economies  of  scale  are  not  as  readily  available  as  in 
other  major  weapon  systems  acquisition. 

Program  reflects  inadequate  consideration  in  the  requirement 
process  for  trade-off  advantages  of  a larger  number  of  ships  of 
less  individual  capability  as  compared  to  fewer  ships  of  maxi- 
mum individual  capability. 
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The  Blue  Ribbon  Panel  report  has  some  limited  findings  on  cost  esti- 
mating, the  highlights  of  which  are: 

. The  accuracy  of  cost  estimates  for  acquisition  programs  has 

been  widely  overrated.  It  should  be  axiomatic  that  one  can- 
not place  a price  on  any  program  containing  any  unknowns. 
The  inherent  limitations  on  cost  estimation  imposed  by  tech- 
nological uncertainties  cannot  be  completely  overcome. 

. Contractor  eagerness  to  sell  long-term  acquisition  programs 

influences  low-side  cost  estimates. 

. Contracting  policies  and  procedures  have  a tendency  to 

support  the  level  of  proposed  cost  estimates. 

. Competitive  pressures  of  concept/formulation/controct  def- 

inition have  led  to  over-optimistic  cost  estimates  for 
acquisition  and  not  permitted  a hard  look  at  inherent  pricing 
uncertainties.  Parametric  cost  estimating  techniques  offer 
the  potential  for  improved  planning  of  cost  factors. 

. The  lack  of  cost  data  base  information  for  prior  programs 

limits  the  accuracy  of  cost  predictions  for  current  ones. 

. Original  cost  estimates  should  be  considered  only  as  baselines 

and  should  be  revised  and  updated  across  the  system  or  equip- 
ment life  cycle. 


The  Report  also  indicates  critical  industry  issues  as: 

. Industry  trends  toward  over-responsiveness  to  expressed  DOD 

desires  or  requirements. 

. Contractors  fail  to  point  out  potential  risks  associated  with 

inherent  technical  uncertainties  of  system  and  equipment 
development. 

. Cost  estimates  tend  to  be  over-optimistic  and  in  some  cases 

unwarranted  buy-ins. 


B-in 


Reliance  on  public  and  political  influence  to  determine  selec- 
tion of  contractors  for  award  is  too  prevalent. 


Conclusions 


Significant  conclusions  from  the  Report  that  relate  to  cost  estimating 


are: 


The  management  cost  information  needed  within  the  Department 
and  for  visibility  to  Congress  on  major  weapon  systems  acqui- 
sitions should  be  improved  by  recognizing  the  evolutionary 
nature  of  cost  baseline  estimates.  Estimates  should  be  reeval- 
uated at  each  significant  milestone  of  development. 

Increased  use  should  be  made  of  parametric  costing  techniques 
to  improve  the  quality  of  original  and  subsequent  estimates/ 
and  to  help  offset  the  difficulties  of  estimating  the  cost  of 
unknowns. 

Specialist  careers  should  be  established  for  officers  in  such 
staff,  technical  and  professional  fields  as  research/  devel- 
opment/ intelligence/  communications/  automatic  data 
processing/  and  procurement. 

The  duration  of  assignments  should  be  increased/  and  should 
be  as  responsive  to  the  requirements  of  the  job  as  to  the 
career  plan  of  the  officer.  Officers  continued  on  assignment 
for  these  reasons  should  not  be  disadvantaged  in  opportunity 
for  promotion. 

In  technical  assignments/  the  officer's  replacement  should  be 
assigned  to  the  job  sufficiently  in  advance  of  his  predecessor's 
departure  to  be  ready  to  take  over  without  loss  of  momentum 
when  he  leaves. 
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8. 


REPORT  OF  THE  ASPR  PRICING  SUBCOMMITTEE 


Subject:  Review  of  Cost  Estimating  Techniques  Within  DOD 

Date:  5 September  1970 

By  memorandum  dated  28  October  1969  from  the  Director  for  Procurement 
Policy  OASD  (l&L),  the  ASPR  Pricing  Subcommittee  was  directed  to  determine 
how  best  to  improve  cost  estimating  within  the  DOD.  Nine  weapons  systems 
were  chosen  to  serve  as  a medium  for  discussion  rather  than  as  a review  of 


that  system  per  se.  These  were: 

System 

Service 

LHA 

Naval  Ships  Systems  Command  (now  NAVSEA) 

A - 7 (1) 

Naval  Air  Systems  Command 

S-  3(1) 

Naval  Air  Systems  Command 

441 A System 

Air  Force  Systems  Command 

Electronic  Systems  Division 

777  Program 

Air  Force  Systems  Command 

Space  and  Missile  Systems  Office 

F - 15 

Air  Force  Systems  Command 

Aeronautical  Systems  Division 

SAM  - D (2) 

Army  Missile  Command 

TOW  (2) 

Army  Missile  Command 

TD  660  and 

CV  1548  Projects 

Army  Electronics  Command 
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The  several  problems  were  evaluated  by  representatives  from  the 
various  cognizant  commands  and  hence  represents  their  views.  The  Subcom- 
mittee recommendations  were: 


1 . A policy  that  requires  systematic  and  continuous  cost  estimate 
monitorship  on  each  weapon  system  and  major  items  extending  from  concept 
formulation  through  completion  of  the  final  contracted  item  in  a program. 

This  should  include: 


Basic  minimum  documentation  requirements. 

Serial  numbering  system  for  estimates  . 

Basis  of  establishing  confidence  levels  and  a system  for 
recording  these  levels. 

Responsibilities  of  personnel  engaged  in  cost  estimating 
both  full  and  part  time. 

Guidelines  for  (i)  refining  cost  estimates  to  eventually 
include  specific  contract  items,  (ii)  reconciling  succeed- 
ing with  prior  estimates  and  (iii)  reconciling  proposed 
or  actual  contract  amounts  (including  Government 
objectives,  negotiated  target  amounts  and  final  amounts) 
with  prior  estimates. 

Certificates  of  each  estimate,  other  than  Government 
Contract  Negotiation  Objective,  by  the  person  designated 
the  "Cost  Estimate  Monitor”. 


2.  The  position  of  “Cost  Estimate  Monitor"  be  established  in  a staff 
organization  of  each  major  subordinate  purchasing  command  (e.g..  Army  Missile 
Command,  Naval  Air  System  Command,  Aeronautical  Systems  Division).  Each 
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cost  estimate,  except  the  Government  Contract  Negotiation  Objective,  should 
be  compiled  under  the  supervision  of  the  Cost  Estimate  Monitor  using  appropriate 
resources  from  within  his  own  organization  or  other  organizations  with  the 
ultimate  estimate  being  approved  by  the  Cost  Estimate  Monitor. 

3.  Specific  contract  pricing  is  a function  distinct  from  Government 
cost  estimating  in  that  it  is  more  associated  with  an  adversary  effort  on  contract 
estimates.  However,  we  recommend  that  the  Government's  objective  prepared 
for  a negotiation  be  compared  with  the  discrete  Government  contract  estimates 
that  have  been  developed  and  that  a reconciliation  be  accomplished  if  the  differ- 
ence is  not  within  the  established  acceptable  tolerance  limits.  This  reconcilia- 
tion should  be  made  a part  of  the  contract  approval  documentation  and  the  contract 
file.  The  preparation  of  independent  Government  cost  estimates  by  procurement 
organizations  should  not  be  necessary  since  such  independent  estimates  for  de- 
termining the  broad  cost  parameters  of  the  contracted  items  can  be  obtained  from 
estimates  prepared  under  supervision  of  the  Cost  Estimate  Monitor. 

4.  OASD  (SA)  should  be  designated  to  perform  a technical  advisor 
and  monitor  function  for  all  Government  cost  estimates  for  major  weapon  system 
procurements.  In  support  of  this  requirement,  guidance  material,  sources  and 
uses  of  data,  and  should  perform  field  surveillance  of  individual  weapons  system 
estimates.  As  a part  of  the  monitorship  function  OASD  (SA)  should  establish 
procedural  requirements  related  to: 
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A basis  for  determining  the  appropriate  confidence  levels  for 
cost  estimates. 

Maintenance  of  data  banks,  including  procedures  for  checking 
the  validity  of  numbers  in  the  data  banks  and  providing  for 
their  exchange  between  DOD  elements. 

Procedures  for  determining  and  documenting  the  unique  program 
events  associated  with  the  costs,  (i.e.,  industrial  technique 
used,  major  modification,  interruption  to  the  production  line, 
etc.). 


Reconciliation  of  actual  or  proposed  costs  with  estimates  where 
significant  differences  occur. 

Training  of  cost  analysis,  price  analysis  and  engineering  personnel 
in  cost  estimating  techniques. 


5.  Detailed  cost  estimates  of  contract  prices  based  on  a scope  of 
work  the  Government  is  unlikely  to  be  able  to  fund  should  be  avoided,  in  the 
interest  of  saving  manpower.  Similarly,  where  contract  options  for  likely  varia- 
tion in  program  scope  are  included,  emphasis  should  be  placed  on  the  results 
of  parametric  estimates  tailored  to  the  individual  contractor  rather  than  laborious 
detailed  cost  estimates  in  the  typical  cost  element  buildup  which  may  have  little 
meaning  at  the  time  the  option  is  exercised. 


6.  In  order  to  introduce  greater  discipline  into  cost  estimating  and 
avoid  dependence  on  "quicky"  estimates  made  with  short  suspense,  higher  head- 
quarters should  attempt  (1)  to  define  the  quantity,  performance  and  scheduled 
parameters  for  which  an  estimate  is  desired  as  precisely  as  possible  and  (2)  to 
identify  the  potential  variations  in  production  rates,  quantities,  and  desired 
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performance.  The  estimating  organization  should  make  not  only  "point" 
estimates  but  also  estimates  over  the  range  of  "likely"  options. 

Conclusions 

The  Naval  Ship  Systems  Command's  estimating  techniques  for  the 
LHA  program  were  used  as  the  vehicle  for  discussing  the  Command's  organ- 
ization for  cost  estimating,  data  collection,  methodology  used,  and  use  of 
data  and  methodology.  Improvement  efforts  in  the  following  areas  were 
considered  fruitful  over  the  long  haul: 

. Better  system  definition 

. Concurrency  items  (development  of  new  subsystem  tech- 

nology concurrently  with  ship  construction) 

. More  data  needed  from  shipbuilders 

. Number  of  ship  budget  estimates  seem  to  be  excessive 

. Predicting  future  economic  conditions  in  the  shipbuilding 

industry. 
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9.  REPORT  FROM  CENTER  FOR  NAVAL  ANALYSES 


Subject:  A Study  of  Organization  Problems  in  SCN  Procurement  System 

Date:  21  September  1970 


At  the  time  of  this  study  the  SCN  fiscal  problem  had  been  growing 
rapidly  worse  since  its  documentation  by  the  SCN  Pricing  and  Cost  Control 
Study  of  April  1969.  In  18  months  it  grew  from  $0.7  billion  to  between 
$1 .7  billion  and  $2.0  billion.  The  SCN  Study  listed  ten  major  causes  of 
overruns/  but  "organization11  was  not  among  them.  CNA  alleges  that  this  is 
a basic  cause  of  fiscal  problems.  The  study  describes  the  nature  of  the  problems. 

The  study  reviews  steps  in  the  procurement  process  on  the  basis  of 
end  cost  estimate/  management/  deficits/  and  reasons  for  overruns.  In  dis- 
cussing cost  estimating  it  states  that  estimates  are  off  the  mark  not  so  much  by 
estimating  inability,  but  rather  a lack  of  design  data  and  changes  made  to 
ships  after  estimates  are  made. 

In  examining  particular  causes  of  the  SCN  cost  overruns,  it  was  found 
that  cost  estimating  accuracy  has  varied  fairly  consistently  with  ship  types. 
However,  over  the  years  of  end  costing,  the  relative  mix  of  ship  categories 
in  each  SCN  program  has  changed.  In  the  early  years  (starting  in  FY  1961), 
ship  categories  producing  cost  underruns  predominated,  while  in  later  years 
those  producing  cost  overruns  have  predominated,  thus  causing  the  SCN  account 
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to  go  from  large  surpluses  to  large  deficits. 


Cost  estimates  of  less  than  budget  quality  are  used  in  SCN  budgest  as 
ships  were  inadequately  defined  in  scope  and  type.  The  basic  characteristics 
of  ships  were  not  firmly  established  prior  to  inclusion  of  the  ship  in  the  bud- 
get submission.  The  paper  emphasizes  that  a basic  cause  of  the  SCN  fiscal 
problem,  however,  is  the  structure  and  the  composition  of  the  Navy  SCN 
procurement  system. 

In  structure,  the  procurement  organization  is  subordinated  to  the 
command  of  OPNAV  - a condition  which  biases  the  resolution  of  consumer 
(OPNAV)  - producer  (NAVMAT)  conflicts  of  interest.  At  the  same  time, 
OPNAV  assumes  no  accountability  for  cost  problems  resulting  from  the  system. 

In  composition,  the  procurement  organization  is  controlled  by  the 
military  who  allegedly  disparage  the  importance  of  procurement,  who  rotate 
through  billets  so  rapidly  that  they  acquire  only  a superficial  knowledge  of 
procurement  competence,  and  whose  retirement  system  militates  against 
Navy  interests. 

Conclusions 

The  paper  suggests  two  alternative  directions  in  which  to  seek  solu- 
tions: 
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Completely  civi lionize  the  procurement  organization,  keeping 
it  within  the  Navy  and  reporting  to  the  ASN(I&L),  or_ 

Emphasize  the  accountability  of  military  executive  manage- 
ment for  procurement,  and  offer  incentives  for  successful 
performance. 


Changes  suggested  in  the  paper  include: 


Let  Navy  keep  (or  at  least  share  in)  cost  savings,  instead  of 
having  to  give  them  up. 

Establish  a uniformed,  professional  procurement  class  within 
Navy. 

Modify  rotation  policies  so  that  procurement  officers  stay 
within  their  specialty. 

Modify  retirement  policies  so  that  procurement  officers  are 
not  forced  or  encouraged  to  retire  at  the  peak  of  their 
professional  competence. 


These  solutions  are  only  outlined  in  the  paper,  with  little  suggestion 
for  deciding  which  is  the  better.  Further,  the  paper  emphasizes  that  SCN 
procurement  problems  are  only  a part  of  the  larger  weapons  procurement 
complex,  and  that  solutions  should  be  focused  on  the  larger  issues  rather  than 
the  separate  parts.  The  paper,  then,  describes  a problem,  indicates  possible 
directions  for  solutions,  and  suggests  areas  for  further  study. 
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10. 


REPORT  OF  CHIEF  OF  NAVAL  MATERIAL 


Subject:  Command  Inspection  of  Naval  Sea  Systems 

Command  Headquarters 

Date:  10  June,  1971  (Principal  Report)  and  supplements  in  1972 

The  purpose  of  the  inspection  was  to  examine  the  functions  of  all 
departments  to  determine  their  effectiveness  within  their  own  units  and  as 
interrelated  to  other  units  in  the  CNM  command.  It  was  intended  to  perform 
these  inspections  periodically. 

Conclusions 

Four  conclusions  were  made  in  regard  to  Financial  Management, 

Code  01,  in  relation  to  the  Cost  Estimating  Branch.  These  were: 


June  25,  1971  — a training  plan  for  cost  analysis  and  cost 
estimating  should  be  established  to  strengthen  capabilities. 

(It  was  reported  complete.)  A "TAR"  manual  should  be 
prepared . 

March  15,  1972  — establish  a plan  to  interface  with  and 
assist  contract  negotiators  in  understanding  outputs  of  the 
estimating  division,  as  the  negotiators  had  limited  estimating 
capability.  (This  was  reported  in  final  review.) 

May  18,  1972  — establish  procedures  for  ship  life  cycle 
costing.  (This  was  reported  complete.) 

August  21 , 1972  — develop  cost  and  feasibility  studies  for 
Ships  04  on  a priority  basis.  (Comment  was  that  lack  of  per- 
sonnel and  a greater  workload  would  not  permit  this  service.) 
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11. 


SHIPBUILDING  AND  CONVERSION  IMPROVEMENT 
PROGRAM  (SCIP)  REPORT  ON  EVALUAtlON  STUDY 


Subject:  Report  on  Evaluation  of  Shipbuilding  and  Conversion  Improvement 

Program  (SCIP) 

Date:  July  1972 

The  Shipbuilding  and  Conversion  Improvement  Program  (SCIP)  was 
aimed  at  implementing  the  recommendations  of  the  SCN  Pricing  and  Cost 
Control  Study,  April  1969  together  with  other  known  management  actions. 

The  SCIP  was  established  on  15  January  1970.  The  program  emcompasses 
more  than  154  individual  improvement  tasks  identified  over  a three  year 
period,  including  83  recommendations  in  the  1969  SCN  study.  The  subject 
SCIP  Evaluation  Report  covering  a three  year  operation  of  SCIP  states  that 
of  the  154  items,  97  are  completed,  25  have  been  consolidated  into  other 
related  items,  and  32  are  being  worked  on,  17  of  which  are  on  plan  and  15 
behind  plan.  The  complete  implementation  was  not  scheduled  to  be  final- 
ized until  after  July  1973. 

The  planned  and  actual  improvement  results  covered  under  the  SCIP 
program  are  grouped  as  follows: 

. Organization  and  staffing 

. Planning 

. Estimating 

. Budgeting 

. Financial  control  system 
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. Specifications 

. Change  control/configuration  management 

. Contractual  provisions 

. Risk  management 

. Management  information 

The  evaluation  report  of  SCIP  indicated  notable  progress  had  been 
made  in  correcting  some  management  weaknesses  identified  in  the  1969  SCN 
study.  There  continue  to  be  problems  which  SCIP  has  not  resolved,  certain 
of  which  were  either  not  present  or  not  apparent  at  the  start  of  SCIP,  while 
others  are  of  a continuing  nature. 


Conclusions 


The  following  were  the  conclusions  in  the  sections  discussing  cost 
estimating  and  continuing  problems: 


Ship  cost  estimating  is  not  an  exact  science  but  Navy 
estimators  continue  to  demonstrate  satisfactory  capability  to 
anticipate  industry  bids.  For  the  fiscal  years  1964-1971,  the 
Navy  technique  was  able  to  predict  the  industry  "average 
bid"  within  three  percent  for  new  construction  and  one  per- 
cent for  conversions. 

Using  similar  detailed  information,  ship  cost  estimates  pro- 
vide reasonably  accurate  ship  cost  budget  estimates,  since 
techniques  and  methodologies  for  both  are  the  same. 

The  ships  cost  estimate  classification  system,  which  reflects 
the  quality  of  information  furnished  to  professional  ship  cost 
estimators,  is  a significant  improvement  in  the  management 
of  the  SCN  program,  both  as  a needed  communication  medium 
to  higher  level  authorities  and  as  a motivation  device  for  the 
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early  development  of  essential  information  needed  for  the 
development  of  accurate  cost  estimates. 

There  is,  however,  a steady  departure  from  the  OPNAV 
required  schedule  for  the  issuance  of  ship  characteristics  and 
instability  of  the  planned  programs. 

The  trend  in  the  late  receipt  of  ship  characteristics  is  con- 
sidered to  be  a large  contributor  to  the  deterioration  in  the 
quality  of  ship  cost  estimates.  This  is  also  contributing  to 
delays  in  the  development  of  feasibility  estimates  and  com- 
pletion of  necessary  design  trade-off  studies. 

The  development  of  Class  "C",  budget  quality  estimates  is 
not  compatible  with  the  late  receipt  of  characteristics. 


Recommendations 


The  evaluation  report  lists  23  recommendations  of  which  the  following 
are  pertinent  to  or  impact  on  the  cost  estimating  function  of  NAVSEA: 


Number 


5-3 


5-4 


5-6 


5-7 


5-8 


5-10 

5-11 


Recommendations 

OPNAV  issue  a policy  that  deviations  in  CNO  SCN 
management  policy,  such  as  authorizing  changes  in 
characteristics  without  compensation  or  without  Future 
Characteristic  Changes  (FCC)  funding,  are  authorized 
only  by  CNO/VCNO. 

NAVSHIPS  include  a factor  in  ship  cost  estimates  to 
establish  reserves  for  contingencies  for  claims  and 
risks  inherent  in  shipbuilding  contracts. 

NAVSHIPS,  as  part  of  the  annual  SCIP  evaluation, 
provide  analysis  of  SCN  cost  variances  to  CNM/CNO. 

NAVSHIPS  develop  relationships  between  manpower 
deficiencies  and  SCN  program  problems  to  provide 
positive  justification  and  support  for  manpower 
deficiencies. 

NAVSHIPS  submit  a plan  for  increasing  SCN  manage- 
ment areas  based  on  the  personnel  requirements  deter- 
mined through  the  effort  in  recommendation  5-7. 

NAVSHIPS  re-evaluate  the  factors  in  estimates  to 
cover  project  manager  growth,  (see  Rec.  5-4) 

NAVCOMPT  take  action  to  obtain  OSD  approval  that 
ships  requiring  in  excess  of  five  years  to  complete 
continue  to  be  budgeted  on  an  end  cost  basis,  consis- 
tent with  full  funding  principles.  However,  at  the 
time  of  the  annual  budget  representing  the  sixth  year, 
an  estimate  must  be  prepared  on  the  estimated  obliga- 
tion status  as  of  the  end  of  the  fifth  year.  The  esti- 
mated unobligated  balance  should  be  offered  for  rescission 
to  the  Congress  and  reappropriation  requested  to  com- 
plete the  applicable  ship  programs. 
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Number 


Recommendations 


5-12 

5-13 

5-14 

5-15 

5-16 

5-17 

5-18 


NAVSHIPS  require  that  escalation  continue  to  be  budgeted 
within  the  end  cost  of  the  ships  with  update  as  necessary 
each  year  with  submission  of  the  new  budget. 

NAVMAT  through  the  NMC  Shipbuilding  Council  evaluate 
previous  end  cost  policy  dealing  with  the  management  of 
the  SCN  account  and  ascertain  if  it  is  compatible  with 
current  SCN  budgeting  procedures  and,  if  not,  recommend 
changes  which  may  be  needed. 

OPNAV  provide  the  guidance  and  enforcement  required  to 
comply  with  the  time-frame  for  development  of  ship  charac- 
teristics specified  in  OPNAVINST  4700. 12C  of  20  Apr.'70. 

OPNAV,  in  planning  for  Program  Objectives,  give  suffic- 
ient emphasis  to  the  current  year  of  the  plan  to  ensure  a 
Class  “C"  (Budget  Quality)  estimate. 

NAVSHIPS  advise  CNA/V^CNO  whenever  schedules  for 
receipt  of  ship  characteristics  are  not  met. 

NAVSHIPS  extend  the  use  of  Class  "D"  classification  to 
estimates  whenever  time  factors  inhibit  confidence  in 
estimates. 

NAVSHIPS  include,  throughout  the  budget  process,  a 20 
percent  mandatory  contingency  allowance  to  estimate 
until  a Class  "C"  estimate  is  attained. 
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12.  GAO  REPORT  TO  CONGRESS 


Subject:  Acquisition  of  Major  Weapon  Systems  - Department  of  Defense 

Date:  July  17,  1972 


This  is  one  of  a continuing  series  of  reports  on  acquisition  of  major  weapon 
systems  and  what  further  improvements  can  be  affected  in  the  process.  The  data 
in  the  report  are  distilled  from  studies  of  some  aspect  of  78  separate  weapon 
systems.  The  following  Recommendations  or  Suggestions  were  made  to  the  Secretary 
of  Defense: 

. Emphasize  (a)  a continuing  rigorous  analysis  of  the  need  for 

new  weapon  systems,  (b)  a careful  analysis  of  the  impact  of 
proposed  needs  on  the  manpower  and  dollar  resources  of  the 
total  defense  force  as  well  as  the  implication  to  the  plans 
for  the  usefulness  of  the  equipment  already  in  Inventory, 
and  (c)  the  inclusion  throughout  of  a properly  structured 
process  which  makes  tradeoffs  between  various  ways  of 
fulfilling  a function. 

. Reexamine  the  weapon  systems  which  have  been  selected 

for  project  management  and  which  have  been  retained  under 
project  management  and  spell  out  specifically,  on  a case-by- 
case basis,  the  functions  that  a project  manager  will,  and 
will  not,  perform. 

. Develop  and  implement  DOD-wide  guidance  for  consistent 

and  effective  cost  estimating  procedures  and  practices,  par- 
ticularly (a)  an  adequate  data  base  of  readily  retrievable 
cost  data,  (b)  a uniform  treatment  of  inflation  (c)  an  effective 
independent  review  of  cost  estimates,  (d)  more  complete 
documentation  of  cost  estimates,  and  (e)  dependable  program 
definitions. 

4 Develop  and  implement  DOD-wide  guidance  to  provide  that 
(a)  appropriate  testing  and  evaluation  be  completed  prior  to 
making  key  decisions  and  (b)  adequate  controls  be  set  over 
the  granting  of  any  waivers  from  required  testing  and  evaluation. 
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. Reassess  the  criteria  for  designating  weapon  systems  for 

selected  acquisition  reporting  in  an  effort  to  expand  the 
system . 

The  report  comments  on  cost  estimating  for  major  acquisitions.  It 
states  that  previous  GAO  reports  have  shown  estimates  are  frequently  under- 
stated for  a number  of  reasons.  The  two  overriding  factors  influencing  the 
quality  of  cost  estimates  are  the  lack  of  completeness  of  a plan  stating  what 
should  be  done  and  inadequate  documentation  on  what  was  done  and  how  and 
why  it  was  done.  These  factors  and  others  relating  to  effective  cost  estima- 
ting procedures  and  practices  are  included  in  the  aforementioned  recom- 
mendations and  suggestions  to  the  Secretary  of  Defense. 


In  the  DOD  response  letter  of  15  May  1972,  the  Director  of  Defense 
Research  and  Engineering  states: 


"In  the  area  of  improved  cost  estimating  the  Secretary  of  Defense, 
in  December  1971,  asked  each  of  the  Services  to  make  independent 
cost  estimates,  in  addition  to  other  appropriate  cost  analyses,  on 
major  weapon  systems  at  each  key  decision  point  and  to  make  these 
estimates  available  for  DSARC  reviews.  This  action  was  followed 
in  January  1972  with  the  establishment,  within  OSD,  of  a Cost 
Analysis  Improvement  Group  (CAIG)  to  review  the  Service  estimates 
and  to  develop  uniform  criteria  to  be  used  by  all  DOD  units  making 
such  cost  estimates.  Under  the  CAlG's  leadership,  policies  and  pro- 
cedures are  also  being  developed  to  provide  a retrievable  and  well- 
documented  data  base  upon  which  more  accurate  cost  estimates  can 
be  made . " 
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13. 


REPORT  TO  THE  CONGRESS  FROM  THE  COMPTROLLER 
GENERAL  OF  THE  UNITED  STATES 


Subject:  Theory  And  Practice  of  Cost  Estimating  For  Major  Acquisitions 

Date:  July  24,  1972 

The  purpose  of  the  study  was  to  identify  factors  in  cost  estimating,  by 
all  services  within  DOD,  which  caused  large  increases  on  47  weapon  systems, 
and  to  offer  suggestions  on  how  the  problem  might  be  solved  or  abated.  An 
average  of  43  percent  of  cost  growth  was  attributed  to  estimating  changes  be- 
tween initial  planning  estimates  and  current  estimates. 

GAO  selected  seven  systems  in  Army,  three  in  Navy,  and  eight  in 
Air  Force  as  the  samples  to  investigate.  An  evaluation  of  estimates  was  made 
on  the  basis  of  reviews  of  definition,  availability  of  data,  recognition  of  in- 
flation and  risk,  etc. 

Conclusions 

Many  problems  were  found  which  stemmed  from  an  absence  of  speci- 
fic direction  on  all  management  levels.  Examples  of  findings  are: 

. No  uniform  guidance  for  cost  estimating  existed  throughout 

the  services. 

• Each  service  had  its  own  guidance  of  a varying  nature,  and  it 
was  often  ignored. 

• Cost  estimating  was  done  by  reviewing  previous  estimates.  This 
required  accurate  documentation.  In  virtually  every  reviewed 
case,  the  documentation  was  inaccurate  or  lacking. 

. Data  banks  were  sometimes  lacking. 
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• There  was  no  organized  effort  to  gather  cost  information. 

. Inflation  was  not  treated  uniformly. 

. Known  costs  were  excluded  at  times. 

. Estimates  tended  to  be  low;  therefore,  a bias  of  advocates  of 
weapons  systems  was  suspected. 

Recommendations 

DOD  must  have  a disciplined  approach  to  cost  estimating  per  a written 
plan.  A consistent  guidance  must  be  developed  for  all  services.  Specifically 
it  should  include  requirements  for: 

. Data  bases  that  are  readily  retrievable 

. Treatment  of  inflation 

. Complete  documentation  of  estimates 

. Feedback  of  cost  results  to  compare  to  estimates 

. An  independent  review  of  estimates 

(DOD  subsequently  advised  that  it  plans  to  provide  this  guidance  and  that 
all  services  had  taken  steps  to  improve  their  capability.) 
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14.  REPORT  OF  THE  COMMISSION  ON  GOVERNMENT  PROCUREMENT 


Subject:  Report  of  the  Commission  on  Government  Procurement 

Date:  December  1972 


The  Commission  on  Government  Procurement  was  created  by  Public  Low 
91-129  in  November  1969  to  study  and  recommend  to  Congress  methods  "to 
promote  the  economy,  efficiency  and  effectiveness"  of  procurement  by  the 
executive  branch  of  the  Federal  Government.  The  report  covered  the  entire 
range  of  U.S.  Government  involved  with  industry. 


Because  the  Report  is  based  on  an  integrated  view  the  acquisition  pro- 
cess, the  recommendations  are  linked  to  form  a structure  that  is  applicable  for 
acquisition  progress  of  all  agencies.  Recommendations  are  not  designed  to  be 
applied  selectively  to  improve  ports  of  the  acquisition  process,  but  rather  to 
work  together  to  control  the  whole.  The  Report  covers  the  following  areas  of 
government  procurement: 


. General  Procurement  Considerations 

. Acquisition  of  Research  and  Development 

. Acquisition  of  Major  Systems 

. Acquisition  of  Commercial  Products 

. Acquisition  of  Construction  and  Architect-Engineer  Services 

. Federal  Grant  Type  Assistance  Programs 

. Legal  and  Administrative  Remedies 

. Selected  Issues  of  Liability:  Government  Property  and  Cata- 

strophic Accidents 

. Patents,  Technical  Data,  and  Copyrights 

. Other  Statutory  Considerations 

A series  of  recommendations  covering  this  wide  range  of  subjects  were 

developed.  Volume  Two,  Part  C (of  four  volumes)  deals  with  the  Acquisition 

of  Major  Systems.  The  proposed  list  of  recommendations  are: 
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Establishing  Needs  and  Goals 


- Start  new  system  requisition  programs  with  agency  head  statements 

of  needs  and  goals  that  have  reconciled  with  overall  agency  cap- 
abilities and  resources. 

Begin  congressional  budget  proceedings  with  an  annual  review 
by  the  appropriate  committees  of  agency  missions,  capabilities, 
deficiencies,  and  the  needs  and  goal  for  new  acquisition  pro- 
grams as  a basis  for  reviewing  agency  budgets. 

Exploring  Alternate  Systems 


- Support  the  general  fields  of  knowledge  that  are  related  to  an 
agency's  assigned  responsibilities  by  funding  private  sector 
sources  and  the  government  in-house  technical  centers. 

- Create  alternative  system  candidate. 

- Finance  the  exploration  of  alternative  systems. 

- Maintain  competition  between  contractors  exploring  alternative 
systems. 

Choosing  a Preferred  System 


- Limit  premature  system  commitments  and  retain  the  benefit  of 
system-level  competition  with  an  agency  hesad  decision  to  con- 
duct competitive  demonstration  of  candidate  systems. 

- Obtain  agency  head  approval  if  any  agency  component  determines 
that  it  should  concentrate  development  resources  on  a single 
system  without  funding  exploration  of  competitive  system  candi- 
dates. 

System  Implementation 


Withhold  agency  head  approach  and  congressional  commitment 
for  full  production  and  use  of  new  systems  until  the  need  has 
been  reconfirmed  and  the  system  performance  has  been  tested 
and  evaluated  in  an  environment  that  closely  approximates  the 
expected  operational  conditions. 
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• Use  contracting  as  an  important  tool  of  system  acquisition,  not 

as  a substitute  for  management  of  acquisition  programs. 

Organization,  Management  and  Personnel 


Unify  policymaking  and  monitoring  responsibilities  for  major 
system  acquisitions  within  each  agency  and  agency  component. 

Delegate  authority  for  all  technical  and  program  decisions  to 
the  operating  agency  components  except  for  the  key  agency 
head  decisions. 


On  the  subject  of  "Cost  Estimating  and  Funding"  the  Report  indicates  that  im- 
proved estimating  techniques  will  only  bring  about  relatively  small  improvements 
in  major  cost  increases.  The  report  elaborates  on  this  and  reasons  for  avoidable 
cost  growth  are  as  follows: 

"Because  of  the  repeated  pattern  of  major  cost  increases  in  system  acquisi- 
tions, many  people  have  concluded  that  there  is  need  for  better  cost  esti- 
mating and  better  risk  analysis.  However,  improved  estimating  techniques 
can  bring  only  relatively  small  improvements.  About  15  percent  of  cost 
growth  in  major  programs  during  the  1960‘s  can  be  attributed  to  the  in- 
herent imprecision  of  present  cost  estimating  procedures.  Better  cost  con- 
trol will  come  only  if  fundamental  changes  are  made  in  the  way  systems 
are  refined  and  chosen  early  in  the  acquisition  process;  these  steps  largely 
determine  ultimate  cost  and  performance. 

Entire  system  costs  cannot  be  estimated  realistically  during  its  early  de- 
velopment. Institutional  arrangements  and  advocacy  pressures  tend  to 
drive  cost  estimates  downward  and  to  produce  overly  optimistic  schedule 
and  performance  appraisals.  All  levels  in  a department  , in  industry,  and 
even  in  Congress  can  become  parties  to  the  "selling"  of  programs  founded 
on  unrealistic  and  unattainable  system  cost  goals.  From  observations 
made  in  earlier  chapters,  six  principal  reasons  for  avoidable  cost  increases 
can  be  cited: 

System  advocacy  and  premature  commitment.  System  selection  occurs  prior  to 
consideration  of  competing  alternative  approaches,  in  order  to  obtain  the  funds 
necessary  to  proceed  with  the  acquisition  program.  This  choice  occurs  too 
early  to  identify  uncertainties  and  to  predict  costs. 
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Misuse  of  price  competition.  An  intense,  "winner-take-all"  competi- 
tion frequently  occurs  before  a design  is  known  to  be  a satisfactory  solution 
to  a need.  Technical  innovation  in  competing  proposals  is  inhibited  by  a 
predetermined  technical  approach  that  makes  the  competition  depend  too 
heavily  on  the  price  one  company  proposes  as  compared  to  another.  The 
winner  is  selected  with  little  assurance  that  he  can  meet  his  quoted  price. 

This  form  of  competition  encourages  "buy-ins."  Buy-ins  are  difficult  to 
avoid.  It  is  very  awkward,  for  example,  for  a Government  contracting 
official  to  counter  a too-low  offer  with  a much  higher  price. 

Overlapping  development  with  production.  Committing  to  extensive 
production  when  much  development,  test,  evaluation,  and  redesign  still 
remain  to  be  done  usually  leads  to  major  retrofit  and  modification  costs. 
Components,  equipment,  and  tools  can  be  made  obsolete  by  design  changes 
as  the  development  progresses.  This  practice,  referred  to  as  "concurrency," 
also  causes  buildups  of  large  numbers  of  people  at  prime  contractor  and  sub- 
contractor levels  to  handle  all  aspects  of  the  procurement.  This  early  buildup 
usually  comes  before  a system  is  ready  for  full-scale  (final)  development  and 
major  production. 

Demands  for  unachievable  performance.  Attempts  to  achieve  technical 
and  performance  requirements,  not  validated  through  early  development 
efforts,  often  lead  to  unexpected  technical  difficulties  and  related  cost 
increases.  The  technology  base  may  not  be  adequate  or  the  required  tech- 
nical development  cannot  be  accomplished  within  the  scheduled  time  and  cost 
limits.  Further,  when  portions  of  the  system's  design  originate  from  multiple 
industry  and  Government  sources  (transfused  design  requirements),  no  single 
organization  undertaking  system  responsibility  may  have  the  technical  know- 
ledge needed  to  determine  if  the  specified  performance  is  achievable  or  if 
cost  and  schedule  are  compatible. 

Demands  for  increased  performance  within  present  technology.  Demands 
for  increased  performance  capabilities  over  previous  systems  have  been  a princi- 
pal factor  in  the  growth  of  new  system  costs.  When  new  capabilities  depend 
on  squeezing  more  performance  out  of  existing  technology,  the  result  usually 
is  increased  complexity  and  disproportionately  high  cost. 

Sole-source  development.  When  a decision  is  made  for  a single  system 
solution  rather  than  to  pursue  competing  approaches,  the  contractor  selected 
at  the  outset  becomes  a sole-source  developer  and  producer.  Without  the 
challenge  of  competitive  alternatives,  cost  control  is  problematical  and  some 
complacency  inevitably  develops. 
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The  Commission's  Report  concludes  as  follows  on  the  subject  of  estim- 
ating: 

. Some  increase  from  an  initial  estimate  for  a major  system  is 

almost  certain  to  occur: 

Intrinsic  errors  of  estimates  can  be  traced  to  human 
fallibility  and  imperfect  information  and  skills 
which  cannot  be  avoided. 

Optimism  of  Government  and  industry  program  ad- 
vocates is  inherent.  Although  optimism  is  essential 
to  success,  it  should  be  compensated  for  in  estimates. 

The  longer  the  time  period  covered  by  an  estimate  the 
more  likely  the  estimate  will  be  unrealistic.  External 
forces  can  severely  affect  the  cost  of  a system  and 
should  be  included  in  the  estimates.  Because  of  in- 
flation and  a high  degree  of  technical  uncertainty 
an  estimate  will  invariably  be  too  low. 

. Decisions  to  propose  a major  system  program  for  Congressional 

approval  have  often  been  made  before  high-risk  system  features 
have  been  resolved  and  before  realistic  cost  estimates  can  be 
made,  leading  to  cost  growth. 

. Major  systems  are  entering  the  final  development  and  production 

phases  at  costs  so  much  in  excess  of  planned  amounts  that  force 
levels  are  being  substantially  reduced. 

. Efforts  must  be  made  to  strengthen  and  increasingly  use  an 

agency's  cost  estimating  capability.  However,  these  efforts 
will  not  materially  reduce  the  incidence  of  cost  increases  unless 
more  basic  changes  are  made  in  how  systems  are  defined,  com- 
peted, developed,  and  evaluated. 

. To  improve  estimating  and  funding  considerations,  a candidate 

system  should  not  be  selected  until  alternative  systems  have  been 
explored  competitively  within  an  approved  cost  goal  for  the 
need,  and  until  uncertainties  have  been  narrowed  acceptably. 
Candidate  systems  should  be  carried  in  R&D  accounts  until  one 
is  selected  for  the  final  development. 
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15. 


DOD  TO  HOUSE  COMMITTEE  ON  ARMED  SERVICES 


Subject:  Study  of  Cost  Escalation 

Date:  March  1973 

The  Department  of  Defense  was  requested  by  the  Committee  on  Armed 
Services,  House  of  Representatives  (House  Report  No.  92-1149,  pp.  8-9)  to 
conduct  an  escalation  analysis  which  the  Committee  could  use  to  make  what- 
ever legislative  changes  might  be  required  to  better  control  contracting  pro- 
cedures. 

The  report  covers  the  entire  defense  budget  and  programs  in  five  major 
sections  as  follows: 

. Defense  Budget  Trends  and  the  Impact  of  Inflation 

. Perspective  of  Cost  Growth  and  Inflation 

. Some  Technical  Aspects  of  Inflation  Measurement 

. Treatment  of  Inflation  in  Defense  Budgets  and  Programs 
. Treatment  of  Escalation  in  Defense  Contracts 

The  highlights  of  the  summary  contained  the  following  points. 

The  impact  of  inflation  has  been  greatest  by  far  in  the  area  of  pay  and 
operating  costs.  Weapons  costs  have  not  been  a dominant  factor  in  the  Defense 
budget  trend,  nor  is  weapons  procurement  the  major  source  of  inflationary 
problems.  The  inflationary  impact  upon  other  Federal  agencies  and  upon  state 
and  local  governments  collectively  has  been  even  greater. 
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Long-run  changes  in  unit  costs  are  sometimes  cited  as  evidence  of  run- 
away weapons  costs.  Such  increases  do  not  apply  to  Defense  alone;  they  are 
likely  to  occur  in  any  area  where  technology  has  brought  major  changes  in 
products. 

A series  of  spectacular  charges  have  been  made  regarding  “cost  overrun “ 
using  planning  estimates  as  a starting  point  which  is  inappropriate.  Starting  from 
the  development  estimate  — the  point  at  which  a significant  portion  of  the  total 
costs  are  committed  — cost  growth  is  one-half  of  that  alleged. 

Cost  growth  is  the  net  of  all  factors  — changes  in  quantity,  design, 
schedule,  inflation  rates,  and  others.  Some  of  these  increases  resulted  from 
design  or  other  changes,  deliberately  chosen.  Others  arose  from  failure  to 
anticipate  the  extent  of  inflation,  an  especially  easy  mistake  to  make  in  pre- 
paring estimates  in  the  1960's. 

Costs  may  vary  from  earlier  estimates  for  a wide  variety  of  reasons. 

This  is  true  of  budget  estimates,  which  cover  all  the  costs  (often  involving 
several  contracts)  to  complete  a given  fiscal  year  program;  of  SAR  estimates, 
covering  many  years;  and  it  is  true  for  individual  contracts  as  well.  For  indi- 
vidual contracts,  such  changes  can  arise  from: 

. The  hazards  of  any  forecast  of  the  labor  and  material  required 

to  perform  a given  job. 

. Fluctuations  in  the  contractor's  business  base,  which  may  require 

significant  shifts  in  his  labor  planning,  changes  in  overhead  rates, 
etc. 
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. Performance  of  subcontractors  and  suppliers. 

. Strikes,  fires,  floods,  etc. 

. Increases  in  tax  rates,  utility  rates,  etc. 

A second  set  of  factors  contributing  to  changes  in  costs  derive  from 
actions  of  the  DOD,  involving  such  matters  as  design  and  engineering  changes, 
schedule  changes,  and  provision  of  GFE. 

And,  third,  there  is  the  matter  of  escalation  — the  impact  of  inflation 
on  the  costs  of  doing  a particular  job.  This  represents  the  result  of  movements 
in  price  and  wage  levels  beyond  the  control  of  DOD  or  the  contractor. 

Escalation,  then,  is  only  one  of  many  factors  that  contribute  to  cost 
differences  measured  from  earlier  estimates. 

Escalation  is  a fact  of  life  in  virtually  every  contract.  Defense  or  non- 
Defense,  in  that  both  parties  to  any  contract  are  aware  that  the  cost  of  labor 
and  materials  are  likely  to  rise  in  the  period  ahead.  Escalation  is  automatically 
covered  in  many  DOD  procurements,  in  that  the  bidders  quote  a fixed  price  for 
a given  number  of  articles,  and  the  award  is  made  to  the  lowest  responsible 
bidder.  In  such  cases,  DOD  does  not  know  — and  does  not  need  to  know  — 
what  allowance  the  bidder  may  have  made  for  escalation  in  his  bid,  nor  how 
his  experience  compared  with  his  expectations. 
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Escalation  clauses  cannot  do  several  things.  They  cannot  guarantee 
that  a contractor  will  be  provided  the  precise  amount  necessary  to  cover  the 
impact  of  inflation  upon  his  actual  costs.  Where  escalation  clauses  are  based 
upon  indices,  the  indices  will  represent  average  movements  for  a segment  of 
industry.  Both  parties  must  recognize  that  they  are  dealing  with  approximations 
which  while  not  absolutely  precise,  are  reasonably  fair  to  both  sides. 

As  the  result  of  the  study,  DOD  has  uncovered  no  areas  where  legislative 
changes,  or  extensive  changes  in  contractor  accounting  systems,  are  required. 
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16. 


SHIPBUILDERS  COUNCIL  OF  AMERICA  PAPER 
ON  NAVY  SHIPBUILDING 


Subject:  "A  Discussion  of  Navy  Shipbuilding  Industry 

Business  Relationships"  (Ad  Hoc  Committee  Report) 

Date:  22  October  1974 

The  subject  paper  was  prepared  by  the  Shipbuilders  Council  of  America 
(Ad  Hoc  Commi  ttee  on  Naval  Shipbuilding  Procurement  Procedures),  October 
22,  1974  as  a result  of  Congressional  Hearings  in  July  and  August  1974.  It 
endeavors  to  place  the  views  of  major  U.  S.  shipbuilders  into  perspective  on 
policies,  practices  and  actions  of  the  DOD  and  Navy  which,  it  is  stated, 
are  simultaneously  and  needlessly  - 

. Inhibiting  Naval  ship  procurements 

. Circumscribing  the  Naval  ship  construction  industrial  base 

. Escalating  shipbuilding  costs  beyond  normal  inflation 

. Creating  financial  burden  for  the  Navy  as  well  as  the  shipbuilder 

SCA  recommends  39  corrective  actions  as  seen  from  the  standpoint  of 
private  shipbuilders  (as  listed  Attachment  B.l)  which  it  considers  to  be  within 
the  purviews  of  the  Defense  and  Navy  Departments.  These  are  summarized  in 
the  following  broad  problem  areas: 

. Improving  overall  buyer/seller  relationship 

. Definition  of  ship  to  be  built 
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. Realism  in  pricing  and  scheduling 

. Availability  of  Government  Furnished  Information  (GFI)  and 
Government  Furnished  Material  (GFM) 

. Recognition  of  cost  impact  of  delays 

. Relationship  of  change  orders 

. Proliferation  of  management  information  reporting  systems 

. Reasonableness  of  Quality  Assurance  (QA)  requirements 

. Role  of  Defense  Contract  Audit  Agency  (DCAA) 

. Needless  monitoring  of  contractor  purchasing  actions 

In  a letter  of  October  20,  1976  to  Deputy  Secretary  of  Defense  W.  P. 
Clements,  Jr.,  the  SCA  references  its  1974  paper  and  indicates  that  — 

"Of  these  39  recommendations,  we  perceive  only  two  have  been 
accepted,  that  ten  have  been  accommodated  in  part,  and  that 
there  is  no  available  sign  of  affirmative  action  on  the  remaining 
27". 

SCA, in  evaluating  the  status  of  its  39  recommendations  listed  in  Attach- 
ment B.l,  indicates  DOD  action  in  the  following  categories: 

. Accommodated  (A) 

. Not  Accommodated  (NA). 

. Accommodated  in  Part  (AIP) 

. Accommodation  unknown  but  largely  doubted  (AU) 
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Deputy  Secretary  Clements  in  his  letter  of  January  18,  1977  responds 
to  SCAand  reviewshis  past  efforts  to  improve  the  shipbuilder-Navy  relationships. 

He  expresses  his  disappointment  to  reach  mutual  agreement  with  the  shipbuilders 
under  Public  Law  85-804  and  further  believes  that  both  Navy  and  the  ship- 
builders did  not  try  hard  enough  . He  reiterates  a number  of  suggestions  for  the 
shipbuilders  which  he  had  included  in  his  April  29,  1976  statement  to  the  Senate 
Armed  Services  Committee. 

Attached  to  Secretary  Clements  letter  was  a direct  response  from  the 
Navy  on  each  of  the  39  SCA  recommendations.  It  indicates  that  while  considerable 
progress  towards  alleviating  the  shipbuilders'  problem  has  already  taken  place 
and  will  continue,  complete  compliance  is  not  reasonable  in  a major  ship  acquisition 
program.  Certain  of  the  recommendations  appear  valid,  while  some  are  not 
susceptible  to  black  or  white  solutions.  Others  would  not  be  acceptable  to  Congress 
or  follow  recognized  contracting  procedures.  Many  of  the  recommendations 
involve  matters  which  could  be  or  are  being  adjusted  through  administration  and 
procedural  modifications. 

The  SCA  recommendations  represent  the  combined  views  of  all  its  members, 
even  though  some  are  working  more  closely  with  Navy  requirements  than  others. 
Hence,  SCA  indicates  that  Navy  has  not  accommodated  most  of  its  recommendations. 
A typical  example  is  compliance  with  DOD  INST  7000.2,  where  three  yards  have 
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already  qualified  for  a management  reporting  system  while  some  other  yards  are 
in  the  process  of  complying. 

Only  three  of  the  39  SCA  recommendations  apply  indirectly  to  NAVSEA 
estimating  and  budgeting  functions  and  these  are: 

. Improve  accuracy  of  definition  of  ship  to  be  built 

. Improve  accuracy  of  forecasting  probable  costs 

. Provide  reasonably  for  known  and  unknown  contingencies 

Conclusions 

The  SCA  recommendations  represent  a compendium  of  all  the  shipbuilders' 
views  without  giving  emphasis  or  priority  to  the  more  critical  items.  Navy  planning, 
contracting  and  administrative  procedure  problems  are  emphasized  with  only 
limited  criticism  of  Navy  estimating  and  budgeting  methods.  Agreements  with 
the  recommendations  would  materially  lessen  the  shipbuilders'  risks;  however,  some 
of  the  recommendations  would  not  be  acceptable  to  Congress  or  follow  recognized 
contracting  practices.  Corrective  measures  to  the  extent  feasible  will  improve 
Navy-shipbuilder  relationships;  however,  the  contracts  should  be  fair  to  both 
parties  while  at  the  same  time  acknowledging  that  every  contract  entails  some 
risks  for  both  parties.  The  current  status  (May  1977)  of  NAVY  action  and  SCA 
reaction  with  respect  to  the  AD  HOC  COMMITTEE  recommendations  is  found  in 
Exhibit  B.  1 to  this  Appendix. 
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ATTACHMENT  B.1 


Problem  Area:  Improving  Overall  Buyer/Seller  Relationship 

(A)  . continue  progress  payments  on  basis  of  physical  progress 

(AIP)  . authorize  interest  cost  of  borrowed  funds  as  allowable  expense 

items 


(AIP)  . resolve  outstanding  claims  quickly  and  take  all  steps  to  minimize 

future  claims 

(AIP)  . pending  affirmative  action  in  cited  problem  areas,  adopt  some 

type  of  cost-reimbursement,  assured  fee,  contract  and  if 
appropriate,  restructure  existing  fixed  price  type  contracts 
as  cost  type  contracts 

(AIP)  . recognize  that  through  Government  action  or  inaction  financial 

and  performance  risks  are  being  imposed  on  contractor  resulting 
in  costs  that  exceed  impact  from  inflation 


Problem  Area:  Definition  of  Ship  to  be  Built 

(AIP)  . recognize  that  primary  specifications  inherently  contain  errors 

and  inconsistencies 


(AIP)  . provide  for  prompt  corrective  changes 

(AU)  . ensure  that  changes  are  essential  and  will  minimally  affect 

production  schedules 


(AU) 


accelerate  efforts  to  simplify  primary  and  subordinate  specifica- 
tions 


Problem  Area:  Realism  in  Pricing  and  Scheduling 

(AIP)  . improve  accuracy  of  definition  of  ship  to  be  built 

(AU)  . eliminate  requirements  of  doubtful  value  and  uncertain  cost 
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Attach.  B.1  Cont'd. 


(AU)  . 

(AU)  . 

(AIP)  . 

Problem  Area: 

(AU)  . 

(AU)  . 

(AIP)  . 

Problem  Area: 
(NA)  . 

(NA)  . 

Problem  Area: 
(NA)  . 

(NA)  . 

(NA)  . 

(NA)  . 

(AIP)  . 


improve  accuracy  of  forecasting  probable  costs 

provide  reasonably  for  known  and  unknown  contingencies 

outlaw  "auction  type"  bidding  techniques  as  basis  for  contract 
negotiation 


Availability  of  Government  Furnished  Information  (GFI)  and 

Government  Furnished  Material  (GFM) 

improve  accuracy  of  GFI 

recognize  cost  and  production  consequences  of  erroneous  and 
incomplete  GFI  and  delayed  delivery  of  both  GFI  and  GFM 

issue  change  orders  promptly  to  rectify  delays/  defects  and 
omissions 


Recognition  of  Cost  Impact  of  Delays 

accept  full  cost  responsibility  for  deficient  specifications/  GFI 
and  GFM 

accept  full  cost  responsibility  for  schedule  and  production  delays 
caused  by  Government  action  or  inaction 


Relationship  of  Change  Orders 

defer  change  in  primary  specifications  until  after  delivery  of 
ship 

if  impossible,  issue  instructions  for  change  early  in  construction 
cycle 

arrange  for  provisional  pricing  of  change  orders  of  obvious  high 
dollar  value 

finalize  pricing  of  these  major  change  orders  with  dispatch 

issue  change  orders  promptly  to  rectify  effects  of  Government 
action  or  inaction 
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Attach.  B .1  Cont'd. 


Problem 

Area: 

Proliferation  of  Management  Information  Reporting  Systems 

(A) 

• 

examine  governmental  organizational  structure  bearing  on 
ship  procurement  and  production 

(NA) 

• 

rely  on  contractor  informational  systems  to  maximum  practicable 
extent 

(NA) 

• 

reduce  government  imposed  reporting  requirements 

(NA) 

• 

eliminate  superfluous  and  nonproductive  requirements 

Problem 

Area: 

Reasonableness  of  Quality  Assurance  (QA)  Requirements 

(AU) 

• 

ensure  that  QA  requirements  are  compatible  with  primary 
specifi  cations 

(AU) 

• 

minimize  redundant  QA  standards 

(AU) 

+ 

administer  QA  programs  with  professional  judgment  and  reason- 
ableness 

(AU) 

# 

accept  full  cost  responsibility  for  introduction  of  new  QA 
inspection  techniques  during  construction  cycle 

(AU) 

• 

limit  QA  actions  to  requirements  of  contractual  agreement 

Problem 

Area: 

Role  of  Defense  Contract  Audit  Agency  (DCAA) 

(NA) 

• 

limit  role  of  DCAA  to  financial  accounting 

(NA) 

• 

restrict  DCAA  activities  to  verification  of  contractor's  cost  and 
forecasts  of  costs 

(NA) 

• 

consolidate  DCAA  functions  and  those  of  Navy  Supervisor  of 
Shipbuilding  in  contractors  plant 

Problem 

Area: 

Needless  Monitoring  of  Contractor  Purchasing  Actions 

(NA) 

• 

revive  practice  of  reliance  on  approved  contractor  purchasing 
system 
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Attach.  B.l  Cont'd. 


eliminate  review  and  prior  approval  of  each  proposed  sub- 
contract 

concel  NAVMAT  Notice  4330,  dated  November  1973,  titled 
"Surveillance  of  Sub- Contracting  Operations" 
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17. 


REPORT  OF  THE  NAVY  MARINE  CORPS  ACQUISITION  REVIEW 
COMMITTEE,  JANUARY  1975  (VOLUMES  I AND  II) 


Subject:  To  Assess  the  Organizations,  Management,  Staffing,  and  Pro- 

cedures Used  by  the  Navy  in  Developing  and  Producing  Major 
Weapon  Systems 

Date:  January  1975 

The  Navy  and  Marine  Corps  Acquisition  Review  Committee  (NMARC) 
was  established  by  the  Secretary  of  the  Navy  in  August  1974  to  assess  the  organ- 
ization, management,  staffing,  and  procedures  used  by  the  Department  of  Navy 
in  developing  and  producing  major  weapon  systems.  The  study  was  chaired  and 
conducted  by  civilian  members  selected  from  the  highest  management  levels  of 
U.S.  industry  in  order  to  provide  an  independent  unbiased  report. 


The  NMARC  examined  and  analyzed  all  major  functions  in  the  acqui- 


sition process. 


A number  of  recommendations  were  then  made  in  each  of  the 


major  functions  including  overview  studies.  The  functions  and  number  of 


recommendations  are  listed  as  follows: 

Function 


Number  of 
Recommendations 


Overview  (OVRVW) 

Research  and  Development  (R&D) 
Test  and  Evaluation  (T&E) 
Procurement  (PROC) 

Production  (PROD) 

Cost  estimating,  budgeting  and 
financial  management  (COST) 


10  (pg.  11-44) 

34  (pg.  111-65) 
20  (pg.  IV-20) 

51  (pg.  V-50) 

57  (pg.  VI-77) 
82  (pg.  VI 1-1 21) 


2 5T  Total 


It  was  the  opinion  of  the  Committee  that  the  acquisition  process  for 
surface  ships  offers  the  most  significant  potential  for  improvement.  On  this 
basis,  the  separate  NMARC  Shipbuilding  Annex  in  Volume  II  of  the  Report 
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discusses  in  defail  and  lists  certain  of  the  aforelisted  recommendations  as  they 


apply  to  seven  categories  of  shipbuilding,  namely: 


Special  Characteristics  of  the  Ship  Acquisition  and  Special 
Problem  Areas 

Development  of  Ship  Operational  Requirements  and  Their 
Translations  into  Ship  Acquisition  Specifications 

Principal  Issues  Relative  to  Acquisition  and  Test  of  Naval 
Combatants 

Special  Organizational  Considerations  in  Ship  Acquisition 

Adequacy  of  the  Shipbuilding  and  Ship  Repair  Capacity  for 
Navy  Ship  Programs 

Summary  of  the  Shipbuilding  Claims  Problem  and  Progress  To- 
ward Reduction  of  the  Claims  Backlog 

Summary  of  NMARC  Recommendations  Directly  Related  to 
Shipbuilding,  Ship  Conversion  and  Ship  Repair 


With  specific  reference  to  cost  estimating,  the  NMARC  Report  states: 


" Previous  studies  of  cost  estimating  and  the  use  of  cost  estimates  during 
the  years  1969  to  1970  identified  problem  areas  in  the  Navy's  estimating 
capability,  in  the  adequacy  of  the  Navy's  cost  data  banks,  and  in  the 
Navy's  use  of  cost  estimates  in  the  planning,  budgeting,  and  acquisition 
process.  Since  that  time,  the  Navy  has  improved  in  these  areas,  but 
more  improvement  is  required  if  the  Navy's  cost  estimating  is  to  be  of 
superior  quality  and  credibility  with  DOD  and  the  Congress." 

"Existing  estimating  staffs  are  professionally  competent  and  produce 
better  estimates  than  they  are  sometimes  given  credit  for.  However, 
staffing  continues  to  be  a problem  in  all  three  Naval  Systems  Commands 
(SYSCOMs)." 


B— 149 


"Functional  responsibilities  have  been  added  to  the  established  cost- 
estimating groups  without  added  resources  to  carry  out  the  functions. 

Functions  such  as  economic  forecasting,  economic  analysis,  and  support 
for  life  cycle  cost  and  design-to-cost,  all  of  them  important,  have  been 
added  during  periods  when  staff  increases  have  been  virtually  unob- 
tainable and,  in  the  instance  of  NAVSEA,  when  staffs  have  been 
actually  reduced.  This  work  dilutes  the  effort  required  to  perform  the 
basic  acquisition  cost  estimating  responsibility  and  reinforces  the  need 
for  additional  staffing." 

A review  of  the  various  recommendations  indicates  that  26  have  some 
direct  or  indirect  application  to  the  estimating  process.  These  recommendations 
are: 

Recommendation  OVRVW-7:  Positive  measures  should  be  taken  by  OPNAV  to 
ensure  that  changes  to  program  scope  and  requirements  are  accompanied  by 
corresponding  adjustments  to  cost  estimate  baselines  and  budgets. 

Recommendation  PROC-8:  The  Navy  should  closely  examine  the  problems 
associated  with  downward  pressures  on  program  estimates  with  a view  to  formu- 
lating policies  aimed  at  elimination  of  such  practices,  which  are  the  genesis 
of  cost  growth  and  claims  and  ultimately  of  Congressional  antipathy. 

Recommendation  PROC-12:  The  Navy  should  improve  the  reliability  of  esti- 
mated program  costs  it  presents  to  Congress.  The  responsibility  for  the  prepara- 
tion of  baseline  cost  estimates  should  be  assigned  to  the  SYSCOMs.  Detailed 
baseline  estimates  with  associated  rationale  should  be  developed  for  each  major 
program.  The  baseline  estimate  should  be  made  a matter  of  record  and  should 
not  be  changed  except  when  justified  by  modifications  to  scope  and  then  only 

when  completely  substantiated  in  writing. 
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Recommendation  PROC- 36:  The  policy  of  allowing  only  one  estimating  authority 


for  ship  acquisition  programs  (NAVSEA  052)  should  be  continued.  Baseline 
estimates  should  not  be  changed  without  sufficient  cause.  Any  change  should 
be  documented. 

Recommendation  PROC-37:  If  a program  is  not  funded  at  a level  that  supports 
the  NAVSEA-approved  estimate,  the  scope  of  the  program  should  be  reduced 
if  that  is  feasible,  or  the  program  should  be  stopped. 

Recommendation  PRQC-40:  NAVSEA  should  continue  the  present  emphasis  on 
increasing  the  scope  of  the  design  effort  going  into  the  contract  plans  and 
specifications  to  provide  greater  assurance  that  a valid  estimate  can  be  made, 
a fully  responsive  design  developed,  and  the  resultant  ship  built  at  reasonable 
cost. 

Recommendation  PROC-46:  NAVSEA  and  the  Shipbuilders  Council  should 
undertake  a study  to  develop  indices  that  are  adequate  to  reflect  shipbuilding 
cost  escalation. 

Recommendation  PROC  -47:  NAVSEA  and  the  shipbuilders  should  schedule 
ships  more  realistically  and/or  NAVSEA  should  provide  that  the  escalation 
would  apply  to  some  reasonable  period  of  delay  (possibly  1 year)  in  the  com- 
pletion of  each  ship  in  a series. 
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Recommendation  COST-1:  Emphasize  the  importance  of  the  cost  estimating 


function  throughout  the  command  chain. 

Recommendation  COST- 2:  Provide  adequate  staffing,  training,  and  career 
patterns  in  the  cost  estimating  and  cost  analysis  function. 

Recommendation  COST-4;  Provide  the  three  SYSCOM  estimating  groups 
(NAVSEA  and  NAVAIR  now  exist}  NAVELEX  is  proposed)  with  the  independence 
and  top  management  support  necessary  for  the  preparation  of  quality  estimates 
by  having  these  groups  report  at  an  appropriate  level  in  the  SYSCOM  that 
will  insure  this  support  and  independence. 

Recommendation  COST-5;  Instill  in  all  areas  of  command  the  importance  of 
cooperating  with  and  providing,  in  a disciplined  and  timely  fashion,  to  the 
estimating  function  the  most  complete  information  available  concerning  the 
technical  definition,  risk  assessment,  quantity  requirements  and  schedule 
parameters  on  which  to  base  estimates. 

Recommendation  COST-6:  Enforce  OPNAV  Instruction  4700. 12C.  Provide 
for  greater  discipline  in  the  planning  phase  and  during  the  complete  budget 
cycle  to  insure  that  late  changes  to  programs  are  minimized  and  that  the  number 
of  programs  for  which  budget  quality  estimates  are  required  are  held  to  the 
prime  candidates  to  diminish  the  use  of  less  then  Class  "C"  estimates  in  budgets. 
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Recommendation  COST-7:  Make  if  a firm  policy  in  each  SYSCO M to  provide 


the  cost  estimators  and  cost  analysts  with  access  to  the  detailed  cost  data 
supplied  by  contractors  in  support  of  proposals  and  with  the  contract  costs 
reported  in  accordance  with  the  criteria  established  by  DOD  Instruction  7000.2 
or  other  contract  cost  reporting  requirements. 

Recommendation  COST-8:  Include  a contingency  in  the  estimate  whenever  a 
less-than-budget-quality  cost  estimate  is  to  be  included  in  the  budget. 

Recommendation  COST-9:  Directed  cost  estimates  that  modify  those  prepared 
by  the  responsible  cost  estimating  functions  should  be  identified  as  such.  This 
identification  must  include  the  identify  of  the  person  or  authority  responsible 
for  the  directed  cost  estimate. 

Recommendation  COST- 10:  Reduce  layering  of  cost  estimating  and  layering 
of  the  review  and  analysis  of  cost  estimates. 

Recommendation  COST- 15:  Set  realistic  schedules  and  recognize  schedule 
risk  in  prime  contracts.  Plan  for  schedule  risk  in  GFE  delivery  anchor,  if 
this  is  not  feasible,  consider  CFE  procurement. 

Recommendation  COST- 18:  Continue  to  apply  design-to-cost  principles,  es- 
pecially in  preliminary  design.  Understand  where  the  cost  really  is:  em- 
phasize the  quality  of  the  estimate  which  sets  the  cost  goal. 
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Recommendation  COST-32:  Integrity  of  any  data  bank  resulting  from  con  - 


tractor  cost  data  reporting  should  be  maintained  with  respect  to  accuracy,  com- 
pleteness (of  data),  and  limiting  access  to  those  with  a legitimate  need  to  use 
the  data  to  develop  cost  estimates.  This  should  be  done  to  prevent  compromise, 
misuse,  or  misapplication  of  the  data. 

Recommendation  COST-59:  The  Navy  should  obtain  agreement  with  DOD  and 
OMB  for  the  elimination  of  the  use  of  other  than  the  most  realistic  projections 
of  economic  escalation  in  estimating  and  budgeting  for  major  weapon  systems. 

Recommendation  CQST-60:  The  Navy  should  improve  its  in-house  capability 
to  forecast  the  effect  of  economic  escalation.  At  the  present  time,  NAV5EA 
(SHIPS)  has  the  most  proven  capability.  Except  in  NAVSEA  and  NAVAIR, 
this  ability  does  not  exist  to  any  marked  degree.  Overall  policy  guidance 
must  be  developed,  and  the  capability  of  each  SYSCOM  and  PM-1  must  be 
strengthened.  Overall  DOD  direction  should  be  provided  by  ASD  (Comptroller) 
and  OMB's  approval  should  be  obtained. 

Recommendation  COST-62:  The  Navy  should  improve  its  major  weapon  system 
scheduling.  The  projection  of  realistic  schedules,  taking  into  account  the  best 
available  information  on  lead  times  for  material  acquisition  and  taking  into 
account  the  time  required  to  accomplish  the  scope  of  work,  is  necessary  if 
the  provisions  for  economic  escalation  are  to  bear  a reasonable  relationship 
to  actual  experience. 
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Recommendation  COST-77:  Undertake  a full  study  to  determine  the  extent  of 


reserve  requirements  and  to  make  specific  recommendations  as  to  the  manner  in 
which  they  should  be  developed,  controlled,  and  applied.  The  study  should 
be  conducted  so  as  to  provide  for  OSD,  OMB,  and  Congressional  input/partici- 
pation  to  insure  appropriate  perspective  and  to  facilitate  implementation  of 
study  results. 

Recommendation  COST- 79:  Encourage  development  of  budgets  that  both  recog- 
nize risks  (Cost  Panel  Section  4)  and  request  funding  more  toward  contract 
ceiling  (including  reserves)  in  order  to  fund  probable  system  costs. 

Recommendation  CQST-80:  Utilize  system  cost  estimates  developed  in  the 
SYSCOM  that  include  a certain  percentage  (e.g.,  5 to  15  percent)  of  the 
base  estimate  as  a management  reserve. 
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18. 


REPORT  OF  ASSISTANT  SECRETARY  OF  THE  NAVY  TO 

SECRETARY  OF  THE  NAVY 


Subject:  Financial  Management  Planning  Group  Inflation  Study 

Date:  April  11,  1975 

The  study  was  conducted  to  determine  the  extent  of  projected  inflation 
on  Navy  programs  by  appropriation  (SCN,  APN,  WPN  and  MILCON)  and  to 
examine  techniques  used  to  project  it. 

The  most  recent  Wharton  forecast  of  the  GNP  deflator  and  the  forecast 
of  the  CNP  deflator  published  in  the  President's  budget  were  used  as  the  base- 
line indices  and  were  compared  to  that  forecasted  in  each  appropriation.  It 
was  found  that  for  existing  programs  up  to  1980  there  will  be  a further  erosion 
of  a total  of  $20  billion  over  and  above  what  was  included  in  the  estimates 
if  the  economy  behaves  as  forecasted  by  the  most  recent  baseline  indices. 

The  study  report  provides  narratives  and  graphs  relating  to  forecasts 
by  different  methods  for  each  of  the  major  appropriations. 

All  the  forecasting  methodologies  reviewed  in  this  study  were  considered 
reasonably  successful  in  projecting  normal  inflation;  however,  none  of  the 
methods  (including  the  Wharton  model)  forecasted  the  unprecedented  inflation 
of  1974. 
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The  study  considered  that  the  OSD  indices,  particularly  the  procure- 
ment index  (which  is  used  in  some  of  the  appropriations)  was  consistently  pro- 
jected too  low.  Of  specific  interest  is  the  observation  that  only  the  NAVSEA 
projection  for  inflation  in  the  SCN  appropriation  was  higher  than  the  two  base- 
line projections  which  were  considered  conservative  (low).  All  other  appro- 
priations which  projected  inflation  were  lower  than  that  projected  by  the 
baseline  forecasts. 

Conclusions 

. Department  of  Navy  should  develop  a set  of  escalation  price  indices 

to  relate  to  specific  weapon  systems,  goods,  and  services  purchased  by 
DON.  It  should  rely  on  econometric  models,  BLS  data,  and  recent  DON 
cost  experience. 

. Past  price  changes  in  appropriations  not  monitored  before  should  be 
measured  for  future  decision-making.  An  index  based  on  a separate 
"market  basket"  for  each  appropriation  should  be  constructed. 

. A system  should  be  established  for  predicting  future  prices  that  is  tied 
to  the  indices  used  to  measure  historical  price  changes. 

. A method  for  accommodating  inflation  in  annual  accounts  should  be 
pursued.  It  would  operate  as  follows: 


B-157 


The  budget  would  be  tied  to  prices  as  of  a given  date. 

The  price  level  would  prevail  in  the  budget  submitted 
to  Congress. 

The  budget  would  be  indexed  to  a new  price  level  at 
an  appropriate  future  date. 

The  President  would  provide  Congress  with  an  estimate 
of  inflation  during  the  fiscal  year  in  which  the  budget 
would  be  executed. 


The  constant  dollar  baseline  should  be  preserved  for  inflation  estimates 
and  comparison  of  actual  experience.  Related  documents  should  have 
a separate  line  item  for  inflation  estimates,  which  should  be  justified 
by  exhibits  showing  methodology. 
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19. 


ACQUISITION  ADVISORY  GROUP  REPORT 


Subject:  Report  of  the  Acquisition  Advisory  Group  to 

Deputy  Secretary  of  Defense 

Date:  September  30,  1975 

The  Acquisition  Advisory  Group  (AAG)  was  established  on  28  April  1975 
by  the  Deputy  Secretary  of  Defense.  Its  purpose  was  to  examine  and  assess  the 
recommendations  contained  in  the  reports  of  the  Army  Material  Acquisition 
Review  Committee  (AMARC)  dated  1 April  1975,  the  Navy  Marine  Corps 
Acquisiton  Review  Committee  (NMARC)  dated  January  1975,  and  related 
recommendations  submitted  by  the  Secretary  of  the  Air  Force  as  they  relate  to 
“the  organizational  make-up,  directives,  instructions  or  other  guidelines  of 
the  Secretary  of  Defense  pertaining  to  major  weapon  systems  acquisition  within 
the  Office  of  the  Secretary  of  Defense.1' 

On  the  basis  of  an  assessment  of  the  aforementioned  major  weapon  systems 
acquisition  studies,  and  discussions  with  a broad  spectrum  of  responsible  indi- 
viduals in  the  Military  Departments,  Office  of  Secretary  of  Defense,  General 
Accounting  Office,  Congressional  staffs  and  defense  industry,  a number  of 
recommendations  were  formulated  in  the  following  topic  areas: 
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Secretary  of  Defense  Control  of  Defense  System  Acauisition  Review  Committee 

(DSARC) 


Recommendations: 


That  the  DSARC  function  as  an  executive  advisory  body  and 
confine  their  attention  to  decision  point  assessments,  i.e.,  I, 

II,  or  III  as  defined  in  DOD  Directive  5000.1 . 

That  the  distinction  between  Program  Management  Reviews  and 
DSARC  decision  point  assessments  be  precisely  established. 

That  the  number  of  major  acquisiton  programs  subject  to  formal 
DSARC  process  at  OSD  level  be  reduced  to  approximately  40  pro- 
grams; delegate  responsibility  for  remainder  to  Service  Secretaries. 

That  the  DepSec  Def  consult  with  the  Service  Secretary  prior  to 
action  on  DSARC  recommendations. 

That  responsibility  for  all  Program  Management  Reviews  remain 
primarily  with  the  Service  Secretaries. 

That  the  DepSec  Def  strengthen  his  immediate  control  by  desig- 
nating himself  as  Chairman  ex-officio  of  the  DSARC. 

That  the  DepSec  Def  establish  the  position  of  Special  Assistant 
for  Acquisition  reporting  directly  to  him. 

That  the  OSD  staff  engaged  in  major  systems  acquisition  be 
reduced  commensurate  with  the  recommended  reduction  in 
level  and  detail  of  DSARC  activity. 


Mission  Needs  and  Requirements 


Recommendations: 


That  a continuing  series  of  Mission  Area  Analyses  be  established 
in  DOD  and  initiated  and  conducted  by  the  Services  under  the 
functional  guidance  of  the  Assistant  Secretary  of  Defense  (Pro- 
gram Analysis  and  Evaluation)  (ASD(PA&E)). 
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That  the  Services  initiate  and  conduct  Mission  Concept  Studies 
to  determine  ways  and  means  of  meeting  mission  needs  under 
the  functional  guidance  of  Director  of  Defense  Research  and 
Engineering  (DDR&E). 

That  the  Mission  Concept  Studies  explore  and  evaluate  competing 
system  concepts  and  be  used  as  the  basis  for  development  of  the 
initial  Development  Concept  Plan  (DCP). 

That  the  establishment  of  precise  performance  characteristics 
for  a weapon  system  be  prohibited  until  such  time  as  the  candi- 
date system  is  approved  far  full-scale  development. 

That  the  Director  af  WSEG  be  authorized  to  conduct  independently 
such  additional  studies  (both  Mission  Area  Analyses  and  Mission 
Concept  Studies)  as  he  deems  necessary  to  assist  the  DepSec  Def 
in  decisions  on  acquisition  needs. 


Cast  Analysis,  Control  and  Reporting 


Recommendations: 

. That  the  SecDef  establish  policy  and  criteria  to  incorporate 

procedures  for  treating  program  and  cost  uncertainty  in  all 
cost  estimates,  forecasts,  reports  and  announcements  on  major 
defense  systems. 

. That  the  Assistant  Secretary  of  Defense,  Comptroller  (ASD(C)) 

in  concert  with  the  Military  Departments  undertake  a review 
of  the  Selected  Acquisition  Reporting  System  (SAR)  to  stream- 
line the  system  and  to  provide  for  the  inclusion  of  ranges  in  the 
estimates  of  performance  and  costs. 

. That  action  be  taken  to  insure  effective  coordination  and  integra- 

tion of  OSD  management  control  systems  that  interact  with  the 
DSARC  process  and  related  Service  processes. 

. That  the  ASD(C)  be  assigned  the  responsibilities  outlined  in  DOD 

5000.4  (Cost  Analysis  Improvement  Group). 
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Foreign  Military  Sales 


Recommendations: 


That  the  DepSec  Def  initiate  a review  to  assess  the  impact  of  the 
growing  FMS  program  on  DOD's  major  defense  acquisitions  and 
to  formulate  appropriate  management  policies  and  procedures 
to  cope  with  it. 

That  the  DepSec  Def  require  the  OSD,  the  Services,  and  defense 
agencies  to  include  consideration  of  FMS  impact  in  defense 
systems  acquisition  management  and  decision  point  assessment 
reviews. 


Acquisition  Management  and  Program  Managers 


Recommendations: 


That  the  SecDef  promulgate  a Directive  on  acquisiton  manage- 
ment to: 

Clearly  set  forth  the  authority,  responsibility  and  account- 
ability of  program  managers. 

Require  establishment  of  clearly  defined  command  lines  for 
acquisition  from  SecDef  to  the  program  manager. 

Emphasize  accountability  of  reviewing  executives  in  com- 
mand line. 

- Authorize  the  delegation  of  authority  to  program  managers 
to  make  trade-off  decisions  involving  program  schedule, 
cost  and  performance  requirements  within  specified  ranges. 

That  the  SecDef: 

Hold  Service  Secretaries  accountable  for  the  appointment  of 
qualified  individuals  in  the  acquisition  management  line 
above  a designated  level. 
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Require  early  action  in  implementing  DODD  5000.23 
(Systems  Acquisition  Management  Careers). 

With  specific  reference  to  Cost  Analysis,  Control  and  Reporting,  the 
AAG  finds  that  the  credibility  of  the  DOD  in  the  financial  management  of 
major  defense  acquisition  programs  is  held  suspect  both  inside  and  outside  the 
Pentagon.  Financial  management  utilizes  cost  estimating,  cost  management, 
and  cost  reporting  systems  to  support  the  planning,  programming  and  budget 
system.  The  AAG  believes  a comprehensive  and  specific  effort  should  be  ini- 
tiated both  in  OSD  and  in  the  Military  Departments  to  bring  about  significant 
improvements  both  in  the  financial  management  of  major  defense  systems  and 
in  presentation  and  justification  of  realistic  cost  projections  for  these  systems. 
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20. 


REPORT  TO  THE  CONGRESS  BY  THE  COMPTROLLER 

GENERAL  OF  THE  UNITED  STATES 


Subject:  Financial  Status  of  Major  Acquisitions  as  of  June  30,  1976 

Date:  January  18,  1977 

The  report  was  developed  pursuant  to  the  Budget  and  Accounting  Act, 

1921  and  the  Accounting  and  Auditing  Act  of  1950.  The  report  concerns  the 
financial  status  of  majoracquisitions of  the  U.S.  Government  including  acquisitions 
financed  solely  with  Federal  Funds  and  those  financed  jointly  with  Federal, 

State  and  other  funds. 

Defense  weapon  systems  acquisitions  listed  in  the  report  cover  only  major 
programs,  i.e.,  RDT&E  programs  in  excess  of  $50  million  or  an  estimated  pro- 
duction cost  in  excess  of  $200  million.  For  civil  agencies,  the  GAO  used  a 
uniform  threshold  of  $25  million.  The  same  $25  million  base  was  used  also 
for  DOD  computer  acquisitionsand  military  construction  projects.  The  projects 
reported  were  past  the  planning  stage  and  in  development,  test,  production  or 
construction  phases.  Completed  projects  were  not  included. 

The  report  indicates  that  753  civil  and  military  acquisitions  checked  had 
an  original  expected  cost  of  $276  billion  at  their  early  or  development  stages 
and  are  currently  estimated  to  cost  $452  billion  or  an  increase  of  64  percent. 

For  201  projects  (148  civil  and  53  military)  analyzed  by  the  involved  agencies. 
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cost’s  increased  by  $150.9  billion  of  which  47  percent’  is  attributed  to  inflation 
(i.e.,  economics).  The  agencies  attributed  these  increases  to: 

. Quantity  — changes  including  scope 

. Engineering  — changes  altering  the  established  physical 
or  functional  characteristics  of  a system 

. Support  — changes  involving  spare  parts,  ancillary  equipment, 
warranty  provisions,  and  Government-furnished  property  anc^/or 
equipment. 

. Schedule  — changes  in  delivery  schedule  adjustments,  completion 
date,  or  some  intermediate  milestone  of  development,  production, 
or  construction. 

. Economic  — changes  that  are  influenced  by  one  or  more  factors 
in  the  economy,  such  as  inflation. 

. Estimating  — corrections  or  other  changes  occurring  since  the 
initial  or  other  baseline  estimates  for  program  or  project  costs 
were  made. 

. Sundry  — changes  other  than  the  above  categories,  such  as  en- 
vironmental costs  and  relocation  assistance  for  water  and  high- 
way projects. 

The  various  agencies  self-analysis  of  the  overrun  causes  are  listed  below: 


148  Civil  Acquisitions (1)  S3  Defense  Acquisitions (2)  Totol  Agencies 


Type  of  Chonge 

Total  Changes 
(Billion) 

Percent 

Total  Changes 
(Billion) 

Percent 

ToYal  Changes 

Percent 

Quontity 

$12. 9 

14.3 

$ 6.5 

10.7 

$19.4 

12.8 

Engineering 

24.9 

27.5 

4.4 

7.2 

29.3 

19.4 

Support 

.3 

.3 

1.4 

2.3 

1.7 

1.1 

Schedule 

1.1 

1.2 

11.0 

18.2 

12.1 

8.0 

Economic 

42.7 

47.4 

28.2 

46.5 

70.9 

47.0 

Estimoting 

3.7 

4.1 

5.3 

8.8 

9.0 

6.0 

Sundry 

4.7 

5.2 

3.8 

6.3 

8.5 

5.7 

Total 

$90.3 

100.0 

$60.6 

100.0 

$150.9 

100.0 

(1)  148  ocquisitlons  boving  100  percent  or  more 

cost  growth 

(2)  Cost  data'extrocted  from  53  Selected  Acquisition  Reports  on  weapon  systems 
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While  economic  factors,  chiefly  inflation,  caused  almost  one-half  of 
the  increases  in  both  civil  and  defense  agency  acquisitions,  the  civil  agencies 
also  give  considerable  weight  to  engineering  and  quantity  causes  in  that  order, 
with  estimating  representing  only  4.1  percent  of  the  increases.  After  inflation, 
the  defense  agencies  also  give  considerable  weight  to  schedules  and  quantity 
in  that  order,  with  estimating  representing  8.8  percent  of  the  cost  increases. 


Attachment  B.2  hereto  attached  is  the  "Financial  Status  of  Major 
Acquisitions,  Summary  by  Agency  at  June  30,  1976".  An  analysis  of  those 
agencies  with  acquisition  programs  of  $1  billion  or  greater  indicates  the  follow- 
ing anticipated  increases  over  the  baseline  estimates: 


Percent 


Appalachian  Regional  Commission  580 

Department  of  Air  Force  49 

Department  of  Army  36 

Department  of  Navy  43 

Department  of  Army,  Corps  of  Engineers  11 

Bureau  of  Reclamation  72 

National  Park  Service  27 

Federal  Highway  Administration  160 

Federal  Railroad  Administration  0 

Urban  Mass  Transportation  Administration  9 

Energy  Research  and  Development  Administration  46 

Environmental  Protection  Agency  37 

National  Aeronautics  and  Space  Administration  24 

Tennessee  Valley  Authority  36 

Washington  Metropolitatn  Area  Transit  Authority  121 


The  Report  states: 


"Unanticipated  development  difficulties,  inflation,  faulty  planning, 
poor  management  and  poor  estimating  will  increase  the  costs  of  major 
acquisitions.  Cost  growth  cannot  always  be  prevented  or  anticipated, 
particularly  when  a project  is  in  development  and  production  over 
long  periods". 
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Conclusions 


Cost  growth  for  civil  programs  are  greater  than  for  Department  of  Defense  . 
This  is  somewhat  surprising  since  many  defense  projects  are  inherently  more  com- 
plex than  civil  projects,  require  longer  construction  periods  and  represent  pro- 
grams with  a higher  level  of  technology.  The  GAO  recognizes  certain  problems 
when  it  states  "cost  growth  cannot  always  be  anticipated,  particularly  when  a 
project  is  in  development  and  production  over  long  periods'1. 

Civil  and  defense  programs  encountered  almost  half  of  their  cost  growths 
due  to  inflation.  Since  many  of  the  programs  were  budgeted  prior  to  1973  and 
1974,  this  would  be  expected.  The  portion  of  overruns  due  to  estimating  is  stated 
to  be  4.1  and  8.8  percent,  respectively,  for  civil  and  defense  acquisitions.  The 
report  indicates  the  many  factors  that  result  in  overruns.  It  is  obvious  that  the 
causes  must  be  minimized  or  adequate  provision  made  in  estimates  to  provide  for 
the  many  contingencies  to  be  encountered. 


B-167 


ATTACHMENT  B.2 


FINANCIAL  STATES  gf  MtJQX  >:3UlSlT10NS 

dT  AGENCY 

AT  ^JNE  JL.  197h 
(DOU.AXS  IN  MILLIONS) 


AGiNtr 

REEERENCE 

page  or 

APP,  n 

number  or 
PROJECTS 

ORIGINAL 

EST1MATC 

BASELINE 

ESTIMATE 

CURRENT 

ESTIMATE 

INCREASE 

OVER 

BASELINE 

ESTIMATE 

APPALACHIAN  REGIONAL  COMMISSION 

5 

I 

1 • 1S0.0 

1.1S0.0 

7.6S8.0 

6*701.0 

ARCHITECT  of  The  capitol 

5 

2 

122.9 

122.9 

208.1 

• 5.2 

Department  OP  CQMHtHCC: 

maritime  aqmInISTkaTIOn 

s 

1 

156.7 

156.7 

156.7 

national  oceanic  -no  atmospheric 

AQM in  I STh A T I ON 

s 

s 

303. S 

30S.  1 

334.0 

28.9 

OEPARTMENT  or  otrENbE: 

DEPARTMENT  or  THt  AIR  rOMCE 

6 

32 

44.780.8 

S3.7S4.7 

80.099.9 

26*345.2 

OEPARTMENT  or  THt  ARMY 

8 

40 

2S.SS6.6 

27. 205. m 

36. 799. s 

9.594.1 

DEPARTMENT  or  THt  NAVY 

11 

75 

78  * 625 • 6 

89.316.4 

127.3SS.3 

38.038.9 

DEPARTMENT  or  health,  education  and 
*ELr  are  5 

ALCOHOL.  DRUG  ABUSE  AND  MtNTAL 

health  AOM ini STmmTIOn 

I? 

I 

130.3 

130.3 

130.3 

national  InSTITuTcS  or  health 

17 

2 

66.0 

95. 2 

95.4 

• 2 

department  or  juSTIlE: 

f EOER al  Bure au  of  investigation 

IB 

I 

S5.4 

SS.m 

57*2 

1.8 

department  or  the  akmy . corps  or 

ENGINEERS 

18 

178 

8.799.3 

12. 728. S 

26*742.3 

14,013.1 

DEPARTMENT  or  THE  INTERIOR: 

BONNEVILLE  RO*E«  -Om I Nl STma T I ON 

32 

6 

313.9 

330.9 

-5*..  1 

123.2 

bureau  or  reclamation 

32 

SI 

7.257.1 

7.612.2 

13*133.3 

5.521 .1 

national  park  SERVICE 

37 

27 

1.306.8 

I .502.6 

I *910.4 

407, • 

department  or  transportation: 

rEOERAL  AVIATION  ADMINISTRATION 

39 

6 

587.9 

621.1 

677.3 

56.2 

rEOERAL  HIGHWAY  ADMINISTRATION 

39 

b 

36  * 044.4 

38*  045 . 0 

98*700*8 

60*455.8 

rEOERAL  RAILROAD  administration 

4% 

1 

1 .900.0 

1*900.0 

1*900.0 

U.S.  COAST  GUARD 

4S 

7 

700.3 

700.3 

931. S 

231 .2 

URBAN  MASS  TRANSPORTATION 

administration 

4S 

46 

6.633.5 

6*635 • 0 

7.211.5 

576.5 

DISTRICT  or  COLUMBIA  GOVERNMENT 

52 

12 

668.0 

668.0 

709*7 

41.7 

energy  RESEARCH  ANO  DEVELOPMENT 

ADMINISTRATION 

S4 

38 

6 .524  • 8 

6*536.8 

9.546*6 

3*009.8 

ENVIRONMENTAL  PROTECTION  AGENCY 

58 

15S 

7*105.0 

7 * 1 OS • 0 

9.771.3 

2*666.3 

general  services  administration 

71 

IS 

606.1 

761*4 

820.4 

59.0 

NATIONAL  AERONAUTICS  ano  space 

ADMINISTRATION 

72 

13 

6.662.1 

7*305.7 

9*022.9 

1.717.2 

national  RaIlRQAO  PASSENGER  CORPOm- 

AT  I ON 

73 

S 

377.1 

377.1 

559.5 

182.4 

NATIONAL  SCIENCE  rUUNOATION 

73 

I 

76.0 

76.0 

78.1 

2.1 

TENNESSEE  VALLEY  AUTHORITY 

73 

18 

8.032.0 

8*032.0 

10*930.0 

2*898.0 

VETERANS  administration 

75 

7 

337.2 

365.1 

474.0 

108.9 

WASHINGTON  METROPOLITAN  AREA  TRANSIT 

author  I Ty 

75 

1 

2 .494.6 

2*494.6 

S.SI2.3 

3.017.7 

total 

7S3 

249.573.9 

276.089.4 

-52*180.4 

176,091.0 

B-168 


APPENDIX  C 


MANAGEMENT  OF  THE  SHIP 
ACQUISITION  PROCESS 


Appendix  3 of  5 |n  Support  0f  fhe  Final  Report 

entitled,  "A  Study  of  Ship 
Acquisition  Cost  Estimating 

In  TKe  Naval  Sea  Systems- 

Command" . 


Contract  No.  N00024-77-C-2013 


INTERNATIONAL  MARITIME  ASSOCIATES,  INC. 
WASHINGTON  , D . C . 


OCTOBER  1977 


TABLE  OF  CONTENTS 


PAGE 

I.  INTRODUCTION  TO  THE  WORKING  PAPER  C-l 

II.  MANAGEMENT  OF  NAVAL  SHIP  ACQUISITION  C-2 

1 . Naval  Ship  Acquisition  Involves  Many 
Organizations  Within  the  Department  of 
Defense  C-3 

(1)  The  role  of  the  Joint  Chiefs  of  Staff 

is  operational  planning  C-5 

(2)  The  role  of  the  Chief  of  Naval  Operations 

is  requirements  definition  and  acquisition 
management  C-7 

(3)  The  role  of  the  Office  of  the  Secretary  of 
Defense  is  review,  approval  and  defense 

resource  planning  and  administration  C-8 

2.  A Highly  Complex  System  For  Funding  (PPBS) 

Provides  The  Basic  Framework  For  The  Design 

Process  Within  The  DOD/Navy  C-9 

(1)  "Planning*  establishes  goals  for  the  five 

year  planning  and  programming  period  C-10 

(2)  "Programming"  is  the  translation  of  planning 

goals  into  specific  programs  geared  to  fiscal 
realities  C-12 

(3)  "Budgeting"  is  the  proposal  of  DOD/Navy 
and  the  Executive  Branch  to  the  Congress 

for  funding  of  specific  programs  C-15 

(4)  Good  cost  estimates  are  critical  to  the 

efficient  operation  of  PPBS  C-18 

3.  The  Phased  Acquisition  Process  Involves  All  Steps 

From  Identification  Of  Ship  And  Weapon  Require- 
ments Through  Delivery  Of  The  Completed  Ship  C-19 


i 


TABLE  OF  CONTENTS 
(continued) 


(1)  The  first  phase  of  acquisition  is  the 
originotion  of  the  ship  requirement 

(2)  The  ship  requirement  is  then  volidoted 
by  issuing  the  operational  requirement 
document 

(3)  Eorly  design  ond  acquisition  planning 
toke  ploce  in  the  concept  phose 

(4)  The  functional  requirements  are  de- 
termined during  the  preliminary  design 
phose 

(5)  All  remaining  activities  leading  up  to 
contract  oward  are  completed  during 
the  contract  design  phose 

(6)  Detailed  design  and  construction  of  the 
leod  ship  of  a closs  follow  oward  of  the 
contract 

(7)  In  the  final  acquisition  phose,  production 
of  follow  ships  is  corried  out 


Mony  Efforts  To  Create  Better  Cost  Control  And 
Management  Information  Are  Apparent 


(1)  Cost  histories  of  mojor  acquisitions  ore 
followed  on  the  Selected  Acquisition  Report 

(2)  New  ship  estimotes  are  computed  semi- 
annuollyand  reflected  in  theShipCost 
Adjustment  Report 

(3)  The  Procurement  Accounting  ond  Re- 
porting System  (PARS)  is  an  ottempt  ot 
ochieving  uniform  procurement  reporting 


PAGE 

C-20 

C-20 

C-21 

C-22 

C-23 

C-24 

C-26 

C-27 

C-27 

C-30 


C-31 


PAGE 


TABLE  OF  CONTENTS 
(continued) 


(4)  Contractor  Cost  Data  Reports  (CCDRs) 

were  initiated  to  promote  the  generation 
of  returned  cost  data 


5.  The  Acquisition  And  Planning  Processes  Have 
A Major  Influence  On  The  Quality  Of  Cost 
Estimating 


III.  PPBS  CHART  AND  DETAILED  DESCRIPTION  OF 
ACTIVITIES 


IV.  THE  PHASED  ACQUISITION  SYSTEM  CHART  AND 
DETAILED  DESCRIPTION  OF  ACTIVITIES 


C-33 


C-35 


C-36 


C-60 


INDEX  OF  FIGURES 


PAGE 


C.l  DOD  Organization  - Key  Organizational  Elements 

in  Shipbuilding  C-4 

C.2  Parallel  Activities  in  the  Planning,  Programming 

and  Budgeting  Operation  (PPBS)  C-ll 

C.3  DOD/Navy  Planning,  Programming  and  Budgeting 

System  (PPBS)  C-59 

C.4  Navy  Ship  Event  Phasing  Acquisition  C-60A 

C.5  Ship  Subsystem  Interdependencies  C-62 

C.6  Requirements  - Specifications  Dialogue  C-72 

C.7  Navy  Ship  Phased  Acquisition  Process  C-83 


INTRODUCTION 


This  Appendix,  Management  of  the  Ship  Acquisition  Process,  is  a 
detailed  review  and  analysis  not  only  of  the  SCN  POM  and  budget  sequences, 
but  of  the  entire  Planning,  Programming,  and  Budgeting  System  as  well  as  the 
Phased  Ship  Acquisition  procedure. 

The  Appendix  starts  with  a review  of  key  DOD  organizational  ele- 
ments involved  in  the  shipbuilding  process  and  proceeds  through  the  complex 
funding  system.  The  structured  sequence  of  PPBS  and  its  relationship  with  cost 
estimating  involves  a related  series  of  events  during  and  following  authori- 
zation of  funds  — the  engineering  and  construction  process  itself.  The  seven 
major  phases  of  the  Acquisition  Process  are  discussed  briefly.  These  two 
systems  in  conjunction  should  provide  stable  programs,  reasonable  lead  times 
for  preliminary  engineering  and  design,  comprehensive  and  accurate  data, 
and  a general  reduction  in  risk. 

Also  covered  are  other  less  structured  procedures  which  bear  on  cost 
control  and  management  information. 

. Selected  Acquisition  Reports  (SARs) 

. Ship  Cost  Adjustment  Reports  (SCAs) 

. Procurement  Accounting  and  Reporting  System  (PARS) 

. Contractor  Cost  Data  Reports  (CCDRs) 
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Chapter  II  af  this  Appendix  is  a general  discussion  of  management 
systems  utilized  in  ship  acquisition.  Chapters  III  and  IV  are  a step-by-step 
description  of  the  detail  of  the  major  systems  — PPBS  and  the  Phased 
Acquisition  Process. 

II  MANAGEMENT  OF  NAVAL  SHIP  ACQUISITION 


DOD  management  systems  are  an  attempt  ta  minimize  uncertainties 
which  affect  management  decisions.  When  cost  estimates  are  used  in  the 
planning  process,  they  are  critical  ta  providing  management  the  ability  to 
create  a balanced,  capable  force  structure  within  the  fiscal  limitations 
allowed.  Preparation  af  an  estimate  with  that  kind  of  accuracy,  however, 
requires  a stable  program  stream  that  allows  time  fa r preliminary  development 
activity. 


An  interdependency  exists,  then,  between  the  system  and  the  estimate. 
Bath  must  work  in  harmony  far  either  to  function  correctly. 


First,  ta  estimate  accurately  for  future  programs,  planning 
must  develop  a relatively  stable  program  — nat  only  for  the 
short  term,  but  up  to  five  ar  six  years  out. 

Second,  given  a stable  program,  sufficient  design  and  engin- 
eering activity  must  take  place  to  allow  a reasonable  base 
for  cost  estimating. 

Third,  estimators  must  use  consistent  and  professional  methods 
to  provide  accurate  enough  information  for  proper  manage- 
ment decisions  about  program  worth  versus  available  resources. 
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The  system,  in  its  attempt  to  preclude  uncertainty,  hos  unusual 
obstacles  in  the  case  of  shipbuilding.  An  expert  on  the  construction  of  com- 
batant ships,  Dr.  Timothy  Shea,  hos  said  recently  that  the  principal  un- 
certainties in  estimating  ship  cost  arise  from  five  factors: 


"(1)  the  long  period  of  years  required  for  planning,  designing, 
and  building  a quantity  of  ships,  (2)  the  complexity  of  modern 
warships,  (3)  uncertainties  as  to  shipyard  (and  equipment  man- 
ufacturers') capability  and  efficiency,  (4)  uncertainties  in  ship- 
builder's overhead,  and  (5)  under  certain  conditions,  uncer- 
tainties in  the  cost  of  correcting  deficiencies." 


The  following  sections,  then,  describe  the  roles  of  various  procurement- 
related  organizations  and  the  systems  which  guide  their  activities. 


1 . NAVAL  SHIP  ACQUISITION  INVOLVES  MANY  ORGANIZATIONS 
WITHIN  THE  DEPARTMENT  OF  DEFENSE  (POD) 

Figure  C.l  identifies  key  organizations  involved  in  the  ship  acquisi- 
tion process.  It  traces  the  bilinear  organization  of  DOD  under  the  Secretary 
of  Defense  with  the  Joint  Chiefs  of  Staff  monoging  the  operating  forces  on 
one  side  ond  the  Service  Heads  managing  logistical  support  on  the  other. 

Within  the  Novy  itself,  oil  ocquisition  functions  — from  planning  through  con- 
struction — are  carried  on  by  the  Chief  of  Naval  Operations,  the  Chief  of 
Noval  Materiol  and  the  Systems  Commonds.  Each  organization  plays  a spe- 
cific role  in  the  process. 
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FIGURE  C.l 

DOD  ORGANIZATION 


KEY  ORGANIZATIONAL  ELEMENTS 
INVOLVED  WITH  SHIPBUILDING 
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(1 ) The  Role  Of  The  Joint  Chiefs  Of  Staff  Is  Operations  Planning 


There  is  constant  activity  directed  by  this  group  toward  iden- 
tifying possible  needs  for  new  force  structures  by  responding  to  intel- 
ligence and  threat  assessments  in  the  light  of  national  objectives, 
treaty  obligations,  current  equipment  inventories  and  apparent 
deficiencies. 

Their  planning  is  carried  on  in  the  context  of  the  Five  Year 
Defense  Plan  (FYDP)  — the  primary  management  document  within 
DOD.  The  FYDP  contains  fundamental  information  which  is  used  by 
the  Department  of  Defense  to  tie  together  the  diverse  activities  re- 
quired to  fulfill  its  charter.  It  describes  what  has  been  accomplished 
in  programs  during  the  past  15  years,  what  is  happening  currently, 
what  can  be  expected  in  the  short  term  future  and  what  can  reason- 
ably be  expected  beyond  the  short  term  future.  The  program 
descriptions  cover  force  structure  requirements,  manpower  levels  and 
funding  in  terms  of  total  obligational  authority.  It  is  in  the  context 
of  this  document  that  planning  for  near  and  long  terms,  management 
decision-making  for  currently  developing  systems,  force  deployment 
and  everyday  problem  solving  is  carried  out. 
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The  planning  process  develops  specific  recommendations  with 


regard  ta  the  Navy  shipbuilding  program. 


The  Joint  Intelligence  Estimates  for  Planning  and  the 
Joint  Long  Range  Estimative  Intelligence  Document 
identify  new  developments  in  foreign  countries  in- 
cluding ship  design,  technological  breakthroughs, 
deployed  or  about-to-be  deployed  systems  considered 
to  be  threats,  and  other  data  influencing  plans  for 
future  sea-going  forces. 

The  Joint  Long  Range  Strategic  Study  and  the  Joint 
Research  and  Development  Objective  Document  pro- 
vide the  conceptual  basis  for  current  and  future  R&D 
activities.  This  direction  assures  that  adequate  and 
timely  solutions  are  found  to  counter  expected  long- 
range  threats  to  national  security. 

The  Joint  Strategic  Objectives  Plan  proposes  specific 
modernization  and  new  construction  plans  over  the 
mid-range  periods. 

The  Joint  Forces  Memorandum  details  specific  cost- 
constrained  recommendations  which  bear  on  procure- 
ment and  conversion  programs. 

The  Joint  Strategic  Capabilities  Plan  informs  the 
Unified  and  Specified  Commands  of  specific  plans 
bearing  on  ship  operations,  maintenance  and  pro- 
jected force  capability  over  the  short  term  period. 

Finally,  the  planning  base  which  issues  from  this 
process  provides  a roadmap  for  service  personnel  to 
follow  in  meeting  their  individual  planning  and  pro- 
gramming responsibilities. 


This  planning  material  is  provided  to  the  Secretary  of  Defense 
(SECDEF)  and  represents  a point  of  view  particularly  oriented  to  plan- 
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ning  options  and  associated  risk.  Little  is  covered  which  is  fiscally 
constrained.  As  a result,  little  use  is  made  af  the  studies  outside  of 
SECDEF  --  almost  never  in  the  Systems  Commands,  far  example. 

(2)  The  Rale  Of  The  Chief  Of  Naval  Operations  Is  Requirements 

Definition  And  Acquisition  Management 

Mast  shipbuilding  activities  — from  the  statement  of  Opera- 
tional Requirement  to  post  construction  testing  and  turnover  of  the 
fleet  — are  carried  an  under  the  direction  of  the  Chief  af  Naval 
Operations  (CNO).  Activities  which  are  nat  the  direct  responsibility 
of  the  CNO  relate  to  early  Research  and  Development.  The  Oper- 
ational Requirement  (OR)  is  the  basic  requirements  document  for  all 
Navy  acquisition  programs  requiring  developmental  activities.  It  is 
a concise  statement  of  an  operational  need  issued  for  the  purpose  af 
initiating  efforts  to  meet  that  need. 

The  primary  responsibility  for  a shipbuilding  program  under  the 
CNO  rests  first  with  the  Headquarters  organization  (NAVMAT)  and 
second  — and  most  importantly  — with  the  Naval  Sea  Systems  Com- 
mand (NAVSEA).  A single  individual  in  NAVSEA  is  appointed  Ship 
Acquisition  Project  Manager  (SHAPM)  and  it  is  he  who  manages  the 
ship  program  from  approval  af  the  requirement  or  turnover  to  the  Fleet. 
In  certain  cases  for  highly  important  projects,  the  project  office  will 
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operote  from  NAVMAT.  Supporting  the  SHAPM  ore  vorious  progrom 
and  techniccl  directorates  within  NAVSEA  which  provide  design, 
engineering,  financiol  ond  legol  expertise.  It  is  also  in  the  chorter 
of  NAVSEA  to  oct  as  coordinator  or  prime  controctor  when  other  naval 
commonds  are  required  to  ossist  — as  with  oir  or  electronic  systems 
(NAVAIR  ond  NAVELEX). 

(3)  The  Role  Of  The  Office  Of  The  Secretory  Of  Defense  (OSD) 

Is  Review,  Approvol  And  Defense  Resource  Planning  And 
Administration 

Activities  of  this  office  relote  to  review  ond  opprovol  of  selec- 
ted mission  solutions  within  the  spectrum  of  options  avoilable  ond  co- 
ordination of  acquisition  with  the  Plonning,  Programming  ond  Budgeting 
System  (PPBS)  and  FYDP  processes.  In  development  stages,  the  De- 
fense Systems  Acquisition  Review  Council  (DSARC)  is  the  review  ond 
advisory  body  representing  the  Secretary  of  Defense  which  reviews 
system  alternatives  ond  develops  options  leading  to  informed  decisions 
regarding  proposed  systems.  For  major  ship  acquisitions,  DSARC 
usuolly  meets  on  three  occosions: 

. DSARC  I — prior  to  preliminary  design 

. DSARC  II  — prior  to  contract  design 

. DSARC  III  — prior  to  detoiled  design  ond  construction, 

leod  ship 

NOTE:  DSARC  1 1 1 A may  meet  ofter  leod  ship  construction 
to  provide  approvol  for  follow  ships. 
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DSARC  reviews  are  the  DOD  management  decision  point  and, 
therefore,  a favorable  recommendation  by  DSARC  is  tantamount  to 
Secretary  of  Defense  approval.  This  approval  is  expressed  in  the  form 
of  a Decision  Coordination  Paper  (DCP)  which  documents  important 
issues  and  considerations  relating  to  the  decision  along  with  the 
chosen  course  of  action. 

There  are  many  organizations  within  the  DOD/Navy  structure 
that  participate  in  the  acquisition  process.  The  activities  of  these  or- 
ganizations are  controlled  by  systems  and  procedures  which  address  each 
aspect  of  ship  and  weapon  acquisition.  The  primary  and  controlling 
system,  however,  is  the  Planning,  Programming  and  Budgeting  System 
(PPBS). 

2.  A HIGHLY  COMPLEX  SYSTEM  FOR  FUNDING  (PPBS)  PROVIDES 
THE  BASIC  FRAMEWORK  FOR  THE  DECISION  PROCESS  WITHIN 
THE  DOD/NAVY 

The  cornerstone  of  DOD  management  over  many  years  has  been  the 
Five  Year  Defense  Plan.  It  is  a history  of  past  accomplishments,  a record  of 
current  activities,  and  a forecast  of  future  objectives. 

PPBS  is  really  an  updating  system  for  the  Five  Year  Defense  Plan  and 
is  directed  toward  funding  the  programs  of  DOD.  It  is  used  by  DOD  to  or- 
ganize its  complex  activities  into  an  understandable  procedure  with  orderly 
schedules,  cost  assumptions,  and  event  documentation.  It  is  a continuous 
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operation  involving  almost  every  defense  component.  In  most  general  terms, 
it  is  a "proposal,  review,  approval/disapproval,  restatement,  send  to  higher 
authority"  process.  It  serves  to  provide  the  necessary  forums  for  weeding  out 
weaker  programs  and  promoting  those  worthy  of  eventual  implementation, 

(1)  "Planning"  Establishes  Goals  For  The  Five  Year  Planning 
And  Programming  Period 

In  the  planning  system  of  the  Joint  Chiefs  of  Staff,  the  total 
defense  posture  is  viewed  in  historical  perspective,  translated  into 
presently  required  mission  capability  and  projected  in  future  force 
structure  requirements  with  acceptable  allowances  for  risk.  Their 
deliberations  result  in  recommendations  to  the  SECDEF 
regarding  general  posture  matters.  These  recommendations 
are  the  base  from  which  the  SECDEF  planning  guidance  memoranda 
are  prepared.  Using  these  memoranda  as  a general  roadmap,  the 
individual  services  prepare  a statement  of  their  particular  roles  within 
the  overall  defense  mission.  This  statement  is  submitted  annually  in 
the  format  of  the  FYDP  and  describes  a total  program  annually  for 
current  and  future  years.  The  Navy  planning  documents  are  the  Navy 
Strategic  Study  and  the  Department  of  the  Navy  Five  Year  Defense 
Plan. 
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It  is  important  to  mention  here  that  the  Planning  activities 
for  a particular  future  program  year  precede  it  by  some  31  months. 
Programming  begins  about  27  months  in  advance;  Budget  formulation 
17  months  and  Budget  appropriation  and  apportionment,  about  nine 
months.  The  long  PPBS  cycle  requires,  therefore,  that  in  any  one 
year,  four  different  cycles  be  handled  in  one  way  or  another  as 
Figure  C.2  shows.  As  the  1977  budget  is  being  executed,  the  1978 

FIGURE  C.2 
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budget  is  being  formulated  (budgeting)  by  the  Department  of 
Defense  and  individual  services;  the  1979  Program  Objectives  (pro- 
gramming) are  being  documented;  and  the  1980  program  year  planning 
is  being  performed. 

Cost  estimates  must  be  prepared  annually  for  ships  in  all 
phases  of  the  PPBS  cycle.  To  prepare  reasonably  accurate  estimates 
of  the  costs  of  these  ships  (the  earliest  of  which  may  not  be  placed 
under  contract  for  two  to  three  years)  requires  not  only  product 
definition  appropriate  for  the  class  of  estimate  expected,  but  also  an 
ability  to  predict  the  time  frames  in  which  the  ships  will  ultimately 
be  authorized,  awarded  and  constructed. 

(2)  "Programming"  Is  The  Translotion  Of  Planning  Goals  Into 

Specific  Programs  Geared  To  Fiscal  Realities 

Programming  activities  for  the  five  year  plan  extend  over  an 
1 1 month  period  and  begin  with  staff  activities  at  the  SYSCO M level 
as  part  of  the  CNO  Program  Analysis  Process.  In  early  stages, 
potential  programs  for  future  years  are  proposed  by  means  of  briefing 
presentations  prepared  by  OPNAV  mission  and  resource  (platform  and 
support)  sponsors  with  staff  assistance  from  appropriate  SYSCOM 
personnel.  The  potential  programs  are  reviewed  during  analysis 
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sessions  held  by  the  CNO  and  result  in  the  issuance  of  CNO  Program 
Analysis  AvAemorando  (CPAM's).  These  memoranda  explore  alterna- 
tives and  courses  of  action  available  for  inclusion  in  the  Navy's 
program.  During  CPA M analysis,  sponsors  for  competing  solutions 
appear  at  hearings  to  discuss  the  issues  involved.  Studies  using  the 
Resource  Allocation  Display  cost  model  (a  subset  of  the  FYDP)  are 
carried  on  concurrently  with  the  CPA M process  and  assist  in  achieving 
the  best  mix  of  programs  within  anticipated  funding  levels.  At  the 
end  of  the  CPAM  process  a Summary  CPAM  is  drafted  and  approved 
by  the  CNO.  He  supplements  the  approved  program  draft  with  his 
first  fiscally-constrained  guidance,  the  CNO  Planning  and  Fiscal 
Guidance  Memorandum  (CPFG). 

The  final  stage  of  program  development  begins  with  a series 
of  "exercises"  to  test  out  and  firm  up  programs.  Any  adjustments 
necessary  to  weed  out  problems  are  made  during  these  sessions  where 
the  sponsors  review  and  define  their  programs.  At  the  conclusion  of 
the  Sponsor  Program  Review,  the  CNO  Executive  Board  (CEB) 
resolves  major  issues  and  finalizes  the  Summary  CPAM. 

The  Program  Objective  Memorandum  (POM)  is  the  primary 
Navy  program  document  and  is  submitted  to  the  Office  of  the 
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Secretary  of  Defense  by  the  Secretary  of  fhe  Navy (SECNAV) . The  CNO 
provides  SECNAV  with  the  Summary  CPAM  together  with  fhe  overall 
program  raHonale  in  his  final  guidance  memorandum,  fhe  CPFG  (II). 
SECNAV,  offer  combining  fhe  Navy  program  with  that  of  fhe  Marine 
Corps,  prepares  and  submifs  fhe  final  Navy  POM  fo  fhe 
SECDEF. 

The  POM's  from  each  Service  are  parf  of  a DOD  review 
process  — Program  Decision  Analysis  — fhe  purpose  of  which  is  fo 
balance  fhe  service  submiffed  programs  and  fhose  of  ofher  DOD  com- 
ponenfs  fo  fofal  available  defense  resources  and  seffle,  where  appro- 
priafe,  issues  fhaf  arise  during  fhe  programming  process.  These  issue 
meetings  and  hearings  are  contained  in  Program  Decision  Memoranda 
issued  by  the  Secretary  of  Defense  which,  along  with  the  POM,  are 
fhe  definitive  program  documents.  The  so-called  POM  cycle  is  one 
of  the  major  update  triggers  for  fhe  FYDP  — in  May  for  POM  data 
and  in  October  to  reflect  PDM's. 
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(3)  "Budgeting"  Is  The  Proposol  Of  DOD/Novy  And  The 

Executive  Branch  To  The  Congress  For  Funding  Of  Specific 
Programs 


Budgeting,  in  the  most  general  sense,  can  be  categorized 
into  the  following  three  activities: 


Budget  Formulation  — DOD  components  (as  with  all 
other  government  organizations)  prepare  a budget  for 
the  fiscal  year  prior  to  the  program  year  (or,  in  other 
words,  the  current  year  plus  one).  Budget  formula- 
tion, as  a procedure,  refers  to  activities  carried  on 
to  derive  budget  estimates  from  the  approved  program 
base  and  the  combining  of  these  estimates  into  a 
viable  proposal  to  the  Congress.  The  controlling 
organization  within  the  Navy  for  budget  formulation 
is  NAVCOMPT  — the  comptrollership  function  in 
SECNAV.  Budget  guidance  is  issued  by  the  Comp- 
troller to  all  lower  echelon  Navy  organizations 
which  organize  and  submit  the  latest  and  best  esti- 
mates of  what  the  approved  program  will  cost  during 
the  budget  year.  After  review  and  approval  cycles 
by  Command  executives,  individual  budgets  are 
assembled  by  the  Office  of  the  Comptroller  into  the 
NAVCOMPT  Budget  Submission. 

DOD  components  send  their  budgets  to  OSD 
for  a joint  OSD/OMB  review.  Major  budget  issues 
are  presented,  debated  and  brought  to  decision.  The 
decisions  are  documented  as  Program  Budget  Deci- 
sions. The  approved  Defense  budget  is  sent  to  the 
President  for  review  and  approval;  then,  printed  and 
sent  to  Congress. 

Congressional  Review  and  Appropriation  — Review  of 
the  budget  by  Congress  is  carried  on  chiefly  by  three 
committees  in  each  chamber  — Armed  Services  Com- 
mittees, Appropriations  Committees  and  Budget  Com- 
mittees of  the  House  and  Senate,  respectively. 
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Further  coordinating  activities  are  carried  on  by  the 
Congressional  Budget  Office. 

The  function  of  the  Armed  Services  Committees 
and  their  sub-committees  is  to  understand  the  rationale 
behind  programs  presented;  approve  or  disapprove 
proposals;  in  cases  of  disapproval,  suggest  alterna- 
tive actions;  and,  finally,  set  an  upper  funding 
limit  for  appropriation  guidance.  In  support  of  Con- 
gressional review,  senior  DOD  officials  deliver 
posture  statements  which  summarize  past  accomplish- 
ments, mention  unsolved  problems  and  state  goals  for 
the  current  and  upcoming  years.  Beyond  this,  other 
Defense  officials  are  called  by  the  Committees  as 
required  to  discuss  specific  issues  in  terms  of  programs 
and  funding.  Once  hearings  are  concluded,  reports 
are  prepared  and  each  chamber  passes  an  authoriza- 
tion bill  which  specifies  approved  programs  and  limits 
on  total  obligational  authority.  Any  differences 
between  Senate  and  House  bills  are  resolved  by  a 
committee  of  conference  and  an  amended  Authoriza- 
tion Act  is  passed . 

The  Appropriation  Committees  of  both  Houses 
meet  to  hear  posture  statements  from  senior  financial 
officials  such  as  Secretary  of  Treasury,  Director  of 
OMB,  etc.  Once  the  fiscal  groundwork  is  laid, 
witnesses  from  individual  Government  departments 
and  military  services  are  called  to  justify  their  pro- 
grams. Upon  completion  of  the  hearings,  the  sub- 
committees prepare  bills  for  full  committee  amend- 
ment and/or  adoption. 

The  Budget  Committees  (supported  by  the 
Congressional  Budget  Office)  set  national  fiscal 
policy  and  priorities  for  federal  programs  which  guide 
the  deliberations  of  other  committees.  Budget  Com- 
mittee recommendations  are  the  basis  for  the  concur- 
rent resolutions  adopted  by  the  Congress  which 
provide  the  framework  for  the  work  of  all  committees. 
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Aopropriation  bills  are  passed  by  each  Cham- 
ber, a committee  of  conference  resolves  differences 
and  the  Appropriation  Bill  is  submitted  for  enactment 
by  the  Congress.  The  President's  signature  completes 
the  enactment  process. 

Apportionment  and  Allocation  — During  the  formu- 
lation and  appropriation  process,  budget  items  are 
proposed  which  are  different  than  those  finally 
approved.  In  the  apportionment  process,  determina- 
tion is  made  by  OMB  cs  to  the  amount  of  funds  which 
can  reasonably  be  expected  in  the  appropriation  pro- 
cess and  how  much  can  be  obligated  during  specified 
periods  throughout  the  budget  year  and  over  the 
several  years  of  multiple  year  appropriations  under 
full-funding  of  projects.  This  prevents  overspending 
of  established  funding  authority  and  provides  for 
orderly  use  of  appropriated  funds  between  Govern- 
ment departments.  Apportionment  parallels  the 
appropriation  process  so  that  when  the  Appropriation 
Act  is  passed,  a minimum  of  differences  remain  to  be 
resolved . 

The  enactment  of  the  Authorization  Act, 
Appropriation  Act  and  the  granting  of  Obligational 
Authority  subsequent  to  Apportionment  all  occur 
during  the  last  quarter  prior  to  the  fiscal  year  being 
planned . 


Apportionment  defines  funding  authority  to 
the  level  of  a DOD  component  such  as  DON.  Allo- 
cation and  suballocation  are  terms  used  to  describe 
the  passage  of  funding  authority  below  'component 
level'  to  CNO,  CNM  and  below  that  to  fleet  and 
SYSCOM  levels  in  preparation  of  operation  budgets. 
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(4)  Good  Cost  Estimates  Are  Critical  To  The  Efficient  Operation 
Of  PPBS 


The  importance  of  reliable  cost  estimates  in  the  PPBS  cannot 
be  over-emphasized.  This  is  particularly  sa  as  a program  approaches 
the  "Budget"  phase.  The  credibility  of  the  Navy  as  ta  its  ability  to 
estimate  the  cost  of  its  programs  is  questioned  when  predicted  costs 
are  continually  found  ta  be  toa  low. 

Since  Congress  has  primary  control  over  the  resources  of  the 
nation,  estimates  prepared  by  the  Navy  and  submitted  as  part  of  the 
annual  program  are  given  careful  scrutiny.  PPBS  was  designed  to 
give  Navy  decision-makers  every  opportunity  to  submit  estimates 
which  the  Congress  could  consider  as  reliable. 

PPBS  controls  the  DOD/Navy  organizations  and  processes  by 
assuring  that  the  following  takes  place: 

. Planning  to  assure  prudent  risk-taking  in  developed 

force  structures. 

. Planning  to  optimize  use  of  available  resources. 

. Program  planning  to  present  most  feasible  and  timely 

development  of  systems. 
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Programming  of  ships  and  weapons  to  optimize 
delivery  and  cost; 

Budget  formulation  which  provides  reasonably 
accurate  funding  estimates  to  carry  out  implementa- 
tion of  programs; 

Budget  approval  and  appropriation  procedures  which 
guarantee  full  discussion  of  goals,  implementation 
strategy  and  cost; 

Apportionment  procedures  to  promote  efficient  systems 
development  within  legal,  budgeted  constraints. 


3.  THE  PHASED  ACQUISITION  PROCESS  INVOLVES  ALL  STEPS 

FROM  IDENTIFICATION  OF  SHll>  AND  WEAPON  REQUIRE- 

MENTS THROUGH  DELIVERY  OF  THE  COMPLETED  SHIP 

There  has  been  an  evolution  in  the  methods  used  to  procure  combat- 
ant ships  over  the  years. 

Prior  to  1966,  ships  were  "designed  to  requirements"  by  the  then 
Bureau  of  Ships.  Design  and  engineering  was  carried  on  by  the  Navy  with 
contracts  being  awarded  generally  after  competitive  bidding. 

Around  1966,  the  idea  that  cost  aberrations  could  be  controlled  by 
having  the  contractor  build  to  his  own  design  and  engineering  caught  on. 
This  was  known  as  Total  Package  Procurement  and  was  utilized  in  two  ship 
programs  between  l966  and  1972.  The  DD  963  class  and  the  LHA  1 class 
were  acquired  using  this  method. 
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In  1972,  the  Department  of  Defense  and  the  Navy  changed  to  the 
current  phased  process  of  acquisition.  The  process  is  an  amalgam  of  systems 
and  procedures  for  producing  one  of  the  most  complex  engineered  systems 
ever  conceived  — a naval  combatant  ship.  The  phases  and  a brief  iden- 
tification of  specific  procedures  within  each  phase  follow. 

(1)  The  First  Phase  Of  Acquisition  Is  The  Origination  Of  The 
Ship  Reauirement 

This  is  begun  in  the  planning  process  carried  on  by  the  Chief 
of  Naval  Operations,  his  deputies  and  sponsors.  They  arrive  at  spe- 
cific proposals  regarding  ship  types  which  will  meet  the  envisioned 
threat  which  will  replace  obsolete  ships  and  build  up  the  fleet  to 
planned  levels. 

(2)  The  Ship  Requirement  kThen  Validated  By  Issuing  The 
Operational  Requirement  Document 

The  Office  of  the  CNO  (Force  or  Mission  Sponsor)  issues  the 
Operational  Requirement  (OR)  which  sets  forth  the  operational 
need  and  concept  together  with  capabilities  required  including  cost 
objectives.  The  CNO  subsequently  convenes  the  Ship  Acquisition 
and  Improvement  Panel  (SAIP)  which,  after  a review  of  the  require- 
ment, appoints  a Program  Coordinating  Committee  to  assist  in  pre- 
paring the  Top  Level  Requirement  (TLR)  and  Top  Level 
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Specification  (TLS).  A Ship  Acquisition  Project  Manager  (SHAPM) 
is  appointed  by  the  CNO  or  his  delegate. 

(3)  Early  Design  And  Acquisition  Planning  Take  Place  In  The 

Concept  Phase 

Based  on  information  in  the  OR,  the  SHAPM  prepares  a 
Development  Proposal  (DP)  for  submission  to  OPNAV  which  proposes 
a specific  approach  to  system  development.  This  proposal  eventu- 
ally will  be  modified  and  updated  to  become  a draft  Decision 
Coordinating  Paper  (DCP).  Having  finished  the  DP,  the  SHAPM 
begins  several  activities  intended  to  add  substance  to  the  system 
concept.  These  relate  to  preparation  of  outlines  and  preliminary 
reports  for  the  Ship  Acquisition  Plan,  Test  and  Evaluation  Plan, 
Combat  Systems  Management  Plan,  Advance  Procurement  Plan,  etc. 
The  SHAPM  also  takes  steps  to  activate  the  Ship  Project  Directive 
System  which  enables  quasi-contractua I arrangements  to  be  made 
with  other  systems  commands  and  technical  organizations  for  ship 
design  and  for  design,  procurement  or  construction  of  Government 
Furnished  Material  (GFM). 

Paralleling  the  SHAPM  directed  activities  is  the  work  of  the 
Program  Coordinating  Committee  which  develops  the  TLR  and  the 


C-21 


TLS  to  reach  a desired  level  of  conceptual  definition  called  a 
Conceptual  Baseline. 

At  this  point  the  DCP  draft  is  updated  to  include  information 
developed  by  the  Program  Coordinating  Committee  and  the  SHAPM, 
leading  to  the  DNSARC  and  DSARC  1 proceedings.  Assuming  favor- 
able response  to  system  status,  approval  is  granted  to  proceed  with 
the  Preliminary  Design  Phase. 

(4)  The  Functional  Requirements  Are  Determined  During  The 

Preliminary  Design  Phase 

During  this  period,  activities  begun  during  the  conceptual 
stage  are  continued  from  outline  form  to  function  design  level.  An 
example  is  the  completion  of  the  Combat  Systems  Management  Plan 
which  allows  creation  of  the  Combat  System  Design  Requirement 
and  the  Combat  System  Operational  Requirement.  These  activities 
are  begun  after  CNO  freezes  the  military  payload  of  the  ship. 

Two  new  activities  which  relate  to  eventual  post- 
construction  use  of  the  ship  are  begun.  The  Tactical  Operational 
Requirement  is  drafted  along  with  the  Integrated  Logistics  Support 
Plan. 
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The  additional  information  and  specifications  worked  up 
during  this  phase  are  reflected  in  an  updated  TLR/TLS  which  reaches, 
at  this  point,  the  level  of  Functional  Baseline.  As  with  the  con- 
clusion of  other  phases,  the  DCP  is  rewritten  in  draft  form  reflecting 
new  levels  of  development  and  the  DSARC  clears  the  way  for  con- 
tract design,  full-scale  development. 

(5)  All  Remaining  Activities  Leading  Up  To  Contract  Award 

Are  Completed  During  The  Contract  Design  Phase 

Activities  in  this  phase  are  oriented  toward  creation  of  a 
specification  package  on  which  contractors  are  capable  of  bidding 
and  which  will  provide  a base  from  which  to  negotiate  a contract 
with  a selected  builder. 

A new  activity  begun  in  this  phase  is  the  preparation  of  the 
Program  Integration  Plan  which  seeks  to  tie  weapons  systems  together 
with  the  required  navagational , fire  control  and  monitoring  systems. 

Increasing  sophistication  of  ship  specifications  and  confidence 
in  program  plans  leads  to  the  creation  of  the  Contract  Data  Require- 
ments List,  Bid  Specifications  from  the  Allocated  Baseline,  Qualified 
Bidders  lists  and  finally,  the  Request  for  Proposal. 
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The  technical  level  of  plans  and  specifications  should  allow, 
in  this  phase,  cost  estimates  of  C quality,  scheduling  estimates  of 
fairly  high  reliability  and  evidence  in  final  program  reports  that 
development  is  proceeding  satisfactorily.  Documents  supporting  this 
level  of  confidence  are  a final  Ship  Acquisition  Plan;  Combat  System 
Design  and  Operational  Requirements,  Test  and  Evaluation  Plan  ond  the 
Ship  Logistics  Management  Plan.  Also,  during  this  phase,  specific 
projects  for  Government  Furnished  Equipment  are  funded  and  design/ 
construction  started. 

The  DCP/DSARC  III  process  signals  the  end  of  the  Contract 
Design  Phase. 

(6)  Detailed  Design  And  Construction  Of  The  Lead  Ship  Of  A 

Class  Follow  Award  Of  The  Contract 

This  phase  begins  with  the  issuance  of  RFP's  to  qualified 
bidders;  continues  with  submission  of  proposals  and  selection  of 
contractor;  further,  to  development  of  working  drawings  by  the 
contractor  and  construction  of  the  lead  ship.  During  construction, 
the  SHAPM  activities  are  oriented  toward  overall  administration  of 
the  contract,  including  review  and  approval  of  changes.  GFM  is 
delivered  to  the  contractor  and  integrated  into  the  ship  on  a 
scheduled  basis. 
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The  activities  during  construction  can  be  summarized  in 


general  terms  as  follows: 


. preparation  of  engineering  specifications  for  procure 

ment  of  Contractor  Furnished  Equipment 

. laying  down  of  ship's  lines  — detailed  engineering 

drawings 

. purchase  and  receipt  of  materials,  equipment  and 

machinery 

. pre-keel  period  — fabrication  of  hull  sections 

. keel  laying 

. construction  of  hull  up  to  and  including  deck  houses 

with  simultaneous  installation  of  major  machinery, 
equipment  and  ship  systems 

. launching  and  removal  to  outfitting  area 

. post  launch  activities  — completion  of  contractor 

assigned  work 

. dock  trials  including  'fast  cruise'  simulations 

. bui  Ider's  sea  trials 

INSURV  trials 

. correction  of  deficiencies 

. delivery  by  contractor  to  owner  (NAVY) 

. commissioning  and  turnover  of  ship  to  fleet 

. completion  of  fitting-out 
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. reody-for-seo  period 

. shakedown  cruise 

. post-shakedown  period  for  correction  of  deficiencies 

(7)  In  The  Final  Acquisition  Phase,  Production  Of  Follow 
Ships  Is  Carried  Out 

Not  all  programs  go  through  lead  ship  construction  prior  to 
production  of  other  ships  in  the  same  program.  Often  based  on 
urgency  of  use,  stability  of  specifications,  etc.,  the  production 
phase  will  preempt  lead  ship  construction.  However,  if  started 
somewhat  ahead  of  the  others,  the  lead  ship  in  a program  provides  the 
opportunity  to  tes.t  end  evaluate  system  and  platform  design  and  also 
construction  methods,  with  an  eye  toward  correcting  any  deficiencies 
or  inefficiencies  in  future  construction. 

Important  considerations  in  the  production  phase  (which  can 
extend  for  many  years)  relate  to  the  number  of  ships  built  per  program 
year,  maintaining  construction  schedules  in  spite  of  possible  dis- 
ruptions — material  shortages,  strikes,  personnel  turnover,  economic 
instability,  engineering  changes  brought  on  by  new  technology,  etc. 
It  is,  therefore,  in  this  period  where  cost  growth  may  become  most 
apparent.  In  general,  construction  and  test  activities  follow  the 
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pattern  set  in  lead  ship  construction.  Chapter  IV  includes  a chart 
and  description  identifying  major  phases  and  events  of  the  acquisition 
process. 

4.  MANY  EFFORTS  TO  CREATE  BETTER  COST  CONTROL  AND  MAN- 
AGEMENT  INFORMATION  ARE  APPARENT 

Outside  of  the  two  primary  management  and  procurement  systems, 
many  other  systems  and  procedures  have  been  implemented  over  the  years 
and  provide  the  kind  and  quality  of  cost  information  that  improves  defense 
management.  Several  of  these  are  the  Selected  Acquisition  Report,  Ship 
Cost  Adjustment  Report,  the  Procurement  Accounting  System  and  Contractor 
Cost  Data  Reports. 

(1)  Cost  Histories  Of  Major  Acquistions  Are  Followed  On  The 
Selected  Acquisition  Report 

The  interest  that  has  developed  over  the  last  six  or  seven 
years  with  regard  to  cost  growth  in  military  hardware  by  Congress, 
Government  agencies  and  the  public  in  general  influenced  the 
Department  of  Defense  to  design  a single  report  which  would  per- 
iodically provide  cost  and  schedule  information  on  major  military 
systems.  The  report  is  called  the  Selected  Acquisition  Report  (SAR). 
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It  summarizes,  quarterly,  the  status  af  programs  designated 
by  the  DOD  as  major.  The  same  criteria  are  used  that  apply 
to  the  DCP/DSARC  process  — $75  million  Research  and 
Development,  $300  million  investment  cost,  national  urgency 
ar  OSD  special  request.  The  summarization  covers  current  esti- 
mates of  technical,  schedule,  quantity,  investment  cost  and 
cast  variance  data. 

A second  purpose  of  the  SARs  was  to  standardize  defin- 
itions of  key  system  development  terms  and  concepts.  Several 
reports  are  issued  from  the  Navy  which  identify  the  current 
status  of  projects,  but  when  read  together,  differences  in  ter- 
minology and  definition  have  been  a problem  for  management. 

An  example  of  the  problem  is  in  the  area  af  estimating  System 
Acquisition  Cost  and  comparing  it  to  the  current  estimate  of 
acquisition  end  cast.  The  problem  af  inflationary  dollars  in 
the  current  estimate,  especially  in  times  of  economic  in- 
stability, makes  determining  true  cost  growth  difficult.  The  SAR 
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standardizes  the  definition  so  that  the  reader  knows  that  acquisition 
cost  and  current  estimates  are  in  constant  dollars  computed  by  use  of 
a deflator.  Ostensibly  then,  the  differences  would  indicate  true  cost 
growth  without  inflationary  growth  which  is  shown  separately.  Another 
task  undertaken  was  to  define  escalation,  inflation  and  other  cost 
growth  factors  sa  that  more  precise  measures  of  status  could  be  devel- 
oped. Although  the  objective  of  standardized  definition  has  not 
totally  been  achieved,  the  SARs  continue  to  reach  in  that  direction. 

The  third  purpose  of  the  SARs  which  was  intended  to  make 
them  superior  to  other  reports,  was  that  it  would  follow  a project  from 
the  time  it  became  an  official  engineering  program  (usually  after 
DSARC  I)  through  the  construction  of  follow  ships  in  the  production 
and  turnover  phase.  This  is  accomplished  in  the  SARs  by  showing 
prior  year  costs,  current  and  budget  year  costs  and  finally,  cost  to 
complete.  These  three  objectives  characterize  the  SAR  and  are  the 
basis  for  its  broad  use  as  an  information  document  to  organizations 
within  and  outside  DOD. 

Beyond  that,  the  SAR  should  be  compatible  in  content  to  the 
DCP  and  should  be  limited  in  length  to  around  10-12  pages.  It  is 
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issued  30  days  subsequent  ta  March  31 , June  30,  September  30  and 
December  31  . 

A specific  format  is  required  when  preparing  the  SAR.  It 
includes  a cover  sheet,  summary  page,  and  sections  an  technical 
aspects,  schedule  program  casts,  contractor  costs,  variance  analysis 
and  logistic  support,  addi tiona I procurement  costs. 

The  Department  of  Defense  is  seeking  to  improve  the  usefulness 
af  the  SAR  process  and  to  correct  certain  problems  remaining  — such 
as  accuracy  af  deflators  used  and  precision  of  computations  an  vari- 
ance categories.  In  fallowing  progress  an  ship  programs,  it  is  a doc- 
ument which  cannot  be  overlooked. 

(2)  New  Ship  Estimates  Are  Computed  Semi-Annually  And 

Reflected  In  The  Ship  Cast  Adjustment  Report 

This  report  is  the  culmination  of  ship  pricing  analyses  con- 
ducted far  all  ships  and  craft  directly  funded  under  the  SCN  Appro- 
priation . 


The  first  step  in  the  SCA  process  is  the  development  of  the 
current  best  estimate  of  cost  for  each  ship  in  the  shipbuilding  program. 
This  takes  into  account  the  ship's  characteristics  promulgated  by  the 
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Chief  of  Naval  Operations  — current  electronics/  weapons,  other  GFM 
prices  and  such  miscellaneous  factors  as  are  necessary.  NAVSEA  is 
responsible  for  developing  these  estimates. 

The  second  step  consists  of  reviewing  the  status  of  the  SCN 
Appropriation  year  figures  and  developing  measures  for  balancing  the 
program  with  available  resources.  The  objectives  of  the  5CA  report 
are  as  follows: 


To  provide  an  updated  cost  estimate  of  each  ship 
program  within  the  total  shipbuilding  program  to 
all  levels  of  management  in  the  Department  of 
the  Navy. 

To  provide  data  on  which  to  balance  the  shipbuilding 
program  with  projected  funding  levels. 

To  serve  as  a "baseline"  for  internal  management  of 
the  shipbuilding  program  within  the  Naval  Material 
Command. 

To  provide  the  current  financial  status  of  the  SCN 
Appropriations  for  the  information  of  top  management. 


(3)  The  Procurement  Accounting  and  Reporting  System  (PARS)  Is 
An  Attempt  At  Achieving  Uniform  Procurement  Reporting 

A major  objective  of  PARS  is  to  provide  a uniform  reporting 
capability  for  all  procurement  appropriations.  This  objective  is  met 
by  the  PARS  output  specifications  which  include  a full  range  of  required 
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financial  and  non-financial  data  in  both  detoiled  ond  summary  type 
formats . 


The  financial  and  related  non-financial  information  which  is 
provided  for  manogement  control  of  procurement  activity  includes  the 
fol  lowing: 


Financial  data  including  initiations,  commitments, 
obligations,  accrued  expenditures,  and  other  funds 
data  such  as  dollar  reserves  ond  omounts  allocated 
or  directed. 

Plans,  including  budget  amounts,  plonned  obligations 
and  other  financial  data  as  well  os  non-financial  data 
such  as  planned  delivery  dates  and  planned  work  com- 
pletions. 

Estimates,  both  financial  and  non-financial,  including 
those  for  such  elements  as  costs  to  complete  undefini- 
tized  change  orders,  and  actual  percent  of  work  com- 
pleted . 

Both  funded  and  unfunded  costs  incurred  on  contracts. 


The  accounting  and  reporting  procedure  accommodates  the 
procurement  process  by  providing  data  on  funds  status  and  contract 
status  for  purposes  of  financial  and  management  control. 


C-32 


(4)  Contractor  Cost  Data  Reports  (CCDR)  Were  Initiated  To  Pro- 
mote The  Generation  Of  Returned  Cost  Data 


The  CCDR  was  developed  to  provide  a consistent  flow  of  uni- 
form historical  cost  data  for: 

. Preparing  independent  cost  estimates  for  major 

weapon  systems  acquisitions  to  be  reviewed  by  the 
DSARC . 

. Developing  cost  estimates  in  support  of  price  analyses 

and  contract  negotiations. 

. Tracking  contractors'  costs. 

The  system  was  implemented  in  1974  by  NAVMATINST  7000. 
23  and  it  superseded  other  methods  such  as  Procurement  Information 
Reporting  (PIR)  and  Cost  Information  Reporting  (CIR).  CIR  hod 
been  in  being  since  1966  ond  PIR  since  1970. 

The  purpose  is  to  collect  controctor  costs  in  terms  of  standard 
definitions  against  a uniform  reporting  structure  integrated  with  other 
DOD  control  systems.  Coverage  is  to  commence  at  the  point  of  De- 
fense System  Acquisition  Review  Council  II  opprovol  for  full  scale 
development,  and  continue  through  completion  of  production. 
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CCDR  has  two  categories  of  procedures. 


Category  I — applies  to  all  new  Department  of  Navy 
acquisition  progrcms  which  are  estimated  to  require 
RDT&E  Total  Obligational  Authority  in  excess 
of  $75  million  dollars  or  cumulative  production 
T OA  in  excess  of  300  million  dollars  based  on  the 
Five  Year  Defense  Program. 

Category  II  — applies  to  smaller  dollar  value  con- 
tracts in  support  of  Category  I programs,  usually  GFM 
systems/subsystems,  or  other  acquisitions  selected  for 
control  because  of  complexity,  sole  source  supplier 
status,  criticality,  or  future  procurement  plons. 
Sometimes  the  contract  value  is  a consideration,  in 
others,  interest  in  standardized  dato  submission  moy 
be  the  key. 


The  reports  are  prepared  via  the  contractor's  in-house  occoun- 
ting  system  and  estimating  procedures  in  accordance  with  the  Govern- 
ment contract,  and  it  continues  as  long  os  there  is  an  octive  contract 
containing  CCDR  Requirements.  The  emphasis  is  on  Work  Breokdown 
Structure  (WBS)  elements  in  accordance  with  MIL  Standard  881  . It 
requires  that  a single  Work  Breakdown  Structure  be  used  for  reporting 
all  cost  and  cost  related  data  for  program  management  and  cost  estim- 
ating purposes. 
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5. 


THE  ACQUISITION  AND  PLANNING  PROCESSES  HAVE  A MAJOR 

INFLUENCE  ON  THE  QUALITY  OF  COST  ESTIMATING 


The  Navy  planning  and  acquisition  processes  should  provide  an  en- 
vironment conducive  to  accurate  estimating.  It  should  provide,  among  other 
things,  a stable  program,  reasonable  lead  times  for  preliminary  engineering 
and  design,  proper  data  with  which  to  work  and  it  should  reduce  uncertainty 
and  risk  to  a predictable  level.  Without  this  environment,  it  is  exceedingly 
difficult  to  make  accurate  cost  estimates. 

The  PPBS  and  the  phased  acquisition  process,  in  conception  and 
theory,  are  effective  management  tools.  They  provide  a structure  within 
which  many  people  and  organizations  with  varied  charters  are  unified  into  a 
manageable  whole.  Certain  problem  areas  have  become  apparent,  however: 

. At  important  decision  points,  such  as  the  final  program 

adjustment  process  or  the  submission  of  the  final  Navy  budget, 
times  alloted  for  organizations  to  adequately  perform  required 
activities  are  too  short. 

. Opportunities  for  changing  a shipbuilding  program  within  the 

PPBS  number  about  20  and  many  of  these  opportunities  are 
utilized . 

. These  kinds  of  changes  cause  program  instability  which  does 

not  offer  a solid  base  against  which  to  estimate.1 


C-35 


Ill  PPBS  CHART  AND  DETAILED  DESCRIPTION 
OF  ACTIVITIES 


The  primary  funding  system  for  ship  and  weapon  acquisition  is  the 
Planning,  Programming  and  Budgeting  System.  PPBS  is  utilized  by  DOD  to 
organize  its  complex  activities  into  understandable  procedures  through  the 
use  of  orderly  schedules,  cost  assumptions,  and  event  documentation.  PPBS 
involves  the  process  of  proposals,  reviews,  approval/disappraval  of  such, 
restatements,  and  the  forwarding  af  proposals  ta  higherauthorities.  The 
Planning,  Programming  and  Budgeting  cycle  begins  approximately  31  months 
prior  to  the  funding  year.  Planning  starts  at  31  months,  Programming  at 
27  months,  Budget  formulation  at  17  months,  and  Budget  Appropriation  and 
Apportionment  commences  approximately  nine  months  prior  to  the  funding 
year. 

Figure  C.3  at  the  end  af  this  chapter  shows  the  Planning,  Program- 
ming and  Budgeting  System  in  detail.  The  Figure  outlines  the  procedures  of 
Congress,  the  Joint  Chiefs  of  Staff,  Secretary  of  Defense,  Department  of  the 
Navy/Naval  Operations, and  Claimants  such  as  NAVMAT/Systems  Commands/ 
Field  Activities.  The  Figure  also  indicates  the  timing  af  the  various  activities. 

Figure  C.3  is  a fold  out  chart  and  is  keyed  to  paragraphs  in  this 
chapter  which  describe  each  activity.  The  blocks  on  Figure  C.3  are 
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keyed  to  the  narrative  through  a simple  numbering  system  for  clarity  and 
ease  of  readability.  The  Figure  and  the  narrative  read  in  conjunction  with 
each  other  will  enable  easier  comprehension  of  the  PPBS  process. 
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31 -A 


J IE P II  --  Joint  Intelligence  Estimates  for  Planning 


The  JIEP  is  a document  prepared  annually  which  provides 
the  intelligence  base  for  planning  documents  issued  by  the  Joint 
Chiefs.  It  is  published  in  two  volumes.  Volume  II,  published 
in  March  covers  the  mid  and  short  period  (years  1-10)  of  the 
planning  window  starting  with  the  current  fiscal  year.  Volume 
I addresses  the  first  two  years  (current  and  budget)  of  the  10  year 
window  only.  It  provides  intelligence  information  on  world  power 
relationships,  regional  problem  areas  and  regional  treaty  organ- 
izations. Input  to  the  document  is  reported  by  operational  field 
components,  headquarters  service  organizations  and  the  Defense 
Intelligence  Agency. 

29-A  JSOP  I --  Joint  Strategic  Objectives  Plan  I 

This  document,  on  the  basis  of  intelligence  and  infor- 
mation regarding  potential  threats  to  national  security  supplied 
in  the  JIEP  and  in  light  of  the  military  ramifications  of  national 
security  objectives,  provides  the  strategy  to  be  followed  during 
the  mid-range  planning  period.  Volume  I,  Strategy  and  Force 
Planning  Guidance,  is  addressed  to  the  President,  National  Se- 
curity Council,  Secretary  of  Defense,  Services  and  Unified  and 
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Specified  Commanders  as  the  rationale  for  subsequent  operational 
and  logistics  actions.  This  volume  covers  the  following: 

. Global  and  regional  appraisals  of  major  factors  — 

ideological,  political,  economic,  military  and 
psychological  — plus  the  rationale  for  planning 
options. 

. Global  and  regional  strategies. 

. Guidance  for  employment  and  support  of  military 

forces . 

27-A  Claimant  Staff  Activities 

SECDEF  Program  Reviews  for  the  previous  planning  cycle 
are  taking  place  and  Program  Decision  Memoranda  are  about  to 
be  issued  when  staff  work  on  the  part  of  the  field  command.  Sys- 
tems Commands,  NAVMAT,  etc.,  is  begun.  The  planning  win- 
dow from  the  last  cycle  is  shifted  aheod  a year  and  programs 
slipped  or  dropped  during  the  previous  cycle  are  reviewed  for 
possible  entry  during  the  current  cycle  along  with  new  programs. 
Each  defense  component  has  its  shopping  list  of  projects  for  even- 
tual inclusion  in  the  total  Navy  program  or  POM  and  staff  work 
on  potential  programs,  options,  courses  of  action  to  be  pursued, 
etc.,  is  carried  on.  In  a sense,  each  Command  and  Division 
within  them  are  doing  their  homework  in  preparation  for  the  up- 
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coming  official  planning  process. 


The  staff  activities  are  supported  by  the  Resource  Allo- 
cation Display  which  is  a display  of  the  FYDP  in  program  se- 
quence rather  than  the  appropriation  sequence  normally  used  in 
OSD.  The  first  iteration  of  RAD  is  based  on  the  October  FYDP 
update  which  represents  the  POM  or  total  Navy  program  of  the 
previous  cycle . 

26-A  JIEP  I — Joint  Intelligence  Estimates  for  Planning 

The  JIEP  is  kept  up-to-date  throughout  the  year,  but  in 
August,  JIEP  I is  published  and  concentrates  on  providing  defin- 
itive estimates  for  the  short  range  period  in  support  of  planning 
and  programming  guidance. 

25-A  JLREID  — Joint  Long  Range  Estimative  Intelligence  Document 

The  planning  cycle  extends  out  twenty  years  as  to  force 
structure  projections  in  the  FYDP.  The  JLREID  addresses  the 
planning  years  11  through  20.  It  is  in  four  parts,  each  of  which 
covers  a specific  subject  as  follows: 

. Major  international  developments 

. Conflict  possibilities 

. Country  and  regional  forecasts 

. Technological  developments  of  military  significance 
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24-A 


JLRSS  — Joint  Long  Range  Strategic  Study 


The  intelligence  estimates  and  threat  data  are  used  as 
background  to  the  views  of  the  Joint  Chiefs  on  the  U.S.  military 
role  in  the  11  to  20  year  planning  period.  The  long  range  strategy 
is  provided  to  the  Secretary  of  Defense  as  background  for  studies, 
programming  and  policies  developed  in  the  shorter  range  periods. 

It  is  rewritten  every  four  years  and  updated  annually  as  necessary. 
The  JLRSS  covers  the  following: 

. Major  power  alignments . 

. Strategic  appraisal  of  key  factors  — ideological 

political,  soclo-eonomic,  techno-scientific  — 
and  guidance  for  eventual  planning. 

. Military  roles  required  and  necessary. 

. Correlation  of  military  roles  and  R&D  goals  for 

long  range  periods. 

24-B  DG  — Defense  Guidance 

The  Defense  Guidance  is  the  beginning  of  the  Programming 
phase  of  PPBS.  Although  the  JCS  planning  phase  still  has  some 
seven  or  eight  months  to  run,  the  broad  outlines  of  strategy  and 
changes  in  direction  have  been  worked  out.  Further,  the  FYDP 
has  been  updated  for  inclusion  of  previous  cycle  POM,  PDM  and 
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budget  data.  The  SECDEF  with  this  past  year  information, 
along  with  JSOP  I,  issues  guidance  for  the  newly  beginning  cycle 
with  regard  to  manpower,  recommended  force  structures,  pro- 
curement, logistics,  maintenance,  etc.  Additionally,  areas  the 
Secretary  wishes  emphasized  are  covered,  i.e.,  improve  anti- 
submarine warfare  capability,  improve  ship  modernization  pro- 
gram, etc. 

24-C  FYDP/RAD  I — Resource  Allocation  Display  I 

Mentioned  before  as  the  first  iteration  of  FYDP  in  a 
current  cycle  reflecting  programs  of  the  previous  POM,  PDM 
and  NAVCOMPT  Budget  Submission,  RAD  I is  a display  of  all 
current  data  by  program  for  use  in  developing  new  requests  and 
options . 

23 -A  DNPPG  — Department  of  the  Navy  Planning  and  Programming 

Guidance 

The  Secretary  of  the  Navy  provides  guidance  to  the  CNO 
in  a series  of  memoranda  called  DNPPG.  It  deals  with  items  the 
SECNAV  considers  important  and  which  should  be  taken  into 
consideration  during  the  current  program  cycle.  Generally,  spe- 
cific mention  is  made  of  problem  areas  that,  in  the  opinion  of  the 
Secretary,  require  attention  by  CNO,  CNM,  etc. 
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JSOP  II  — Joint  Strategic  Objectives  Plan  II 


JSOP  II  covers  planning  in  the  mid-range  area  and  trans- 
lates the  strategy  outlined  in  JSOP  I and  Defense  Guidance  issued 
by  SECDEF  into  force  planning  to  support  national  military 
objectives.  It  presents  the  force  levels  in  terms  of  risk  categories, 
i.e.,  minimum  risk  and  prudent  risk.  Minimum  risk  input  is 
provided  by  the  CINC's  of  the  specified  and  unified  commands, 
service  components  and  the  Joint  Chiefs  themselves.  The  force 
levels  at  minimum  risk  are  naturally  high  and  usually  unattainable 
at  current  funding  levels.  The  second  level,  or  prudent  risk, 
is  developed  and  although  more  risk  is  inherent,  the  force  levels 
are  acceptable  and  usually  higher  than  FYDP  levels.  The  final 
section,  in  fact,  shows  the  force  recommendations  at  both  JSOP  II 
and  FYDP  levels.  JSOP  II  shows  the  costs  of  recommended  force 
levels  but  is  not  fiscally  constrained  in  a programming  sense.  The 
cost  estimates  are  useful  to  theSECDEF  in  preparing  his  fiscally 
constrained  guidance,  however. 
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it  should  be  mentioned  here  that  although  each  service  prepares 
its  own  portion  of  JCS  documents,  all  other  services  are  part  of  the 
review  process  and  when  a document  such  as  JSOP  II  is  published,  it  is 
acceptable  to  each  service  for  planning  purposes. 

CPPG  - -CNO  Planning  and  Programming  Guidance 

Based  on  direction  given  by  the  SECDEF  in  the  DG  and  the 
SECNAV  i n the  DNPPG,  the  CNO  starts  progrcm  development  within 
CPNAV  by  providing  his  guidance  to  appropriate  sponsors.  CNO  views 
the  Navy  in  terms  of  missions  - Strategic,  Sea  Control,  Projection 
ashore,  Fleet  Support,  etc.  - and  each  of  these  missions  has  a sponsor. 

The  CPPG  provides  general  guidance  to  each  of  the  sponsors  as  to  how  the 
CNO  views  each  mission  and  the  accomplishment  of  its  objectives.  The 
sponsors  tcke  this  advice  into  account  in  preparing  their  program  devel- 
opment material.  An  example  of  his  advice  would  be  — “emphasize  mine 
countermeasure  forces  in  the  performance  of  the  sea  control  mission". 

CPAM  --  CPAM  Briefing 

This  is  a series  of  briefings  in  which  the  CNO  Executive  Board 
is  brought  up-to-date  on  the  health  of  the  Navy  in  terms  of  each  mission. 

Strengths  and  weaknesses,  obsolescence  considerations,  manpower  pro- 
jections — are  all  typical  areas  of  debate.  The  requirements  of  the  mission 
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21 -B 


20-A 


20-B 


are  listed  and  program  development  to  meet  those  requirements 
are  proposed.  Usually  two  briefings  per  week  are  held  to  discuss 
mission  effectiveness. 

FYD P/RAD  II  Resource  Allocation  Display  II 

During  the  CPAM  phase  of  programming,  the  President's 

Budget  representing  the  preceding  cycle  is  submitted  to  Congress. 

It  represents,  therefore,  the  results  and  decisions  of  the  SECDEF 

review  of  the  prior  year,  OMB  and  Presidential  review.  It  is  the 

"approved  program.  " The  FYDP  is  updated  at  this  time  and  the 

second  iteration  of  RAD  is  produced  for  use  by  claimants  and  sponsors. 

JRDOD  Joint  Research  & Development  Objectives  Document 

The  JRDOD  builds  on  the  strategic  objectives  in  the  long  and 

shorter  ranges  and  lists  specific  R&D  objectives  in  the  2 to  20  year 

planning  window.  Its  content  is  as  follows: 

1 . R&D  objectives  relative  to  JSOP  strategy  and  force 
objectives  levels 

2.  R&D  objectives  related  to  long  range  projections  of  JLRSS 

3.  Rationale  to  support  R&D  objectives 

PPGM  Planning  and  Programming  Guidance  Memorandum 

This  is  the  guidance  supplied  by  the  SECDEF  with  fiscal  levels 
to  be  used  by  each  service  in  their  planning.  It  provides  the  Total 
Obligational  Authority  (TOA)  to  be  programmed  by  each  service  for 
each  year  in  the  programming  window  - 5 years.  It  also  discusses 
"fences"  or  programs  which  are  to  be  protected  by  funding  in  certain 
specified  amounts  during  the  cycle.  In  recent  years,  the  guidance 
has  been  less  than  the  FYDP  levels. 
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20-C 


CPFG  CNO  Programming  and  Fiscal  Guidance 


20-D 


19-A 


The  PPGM  is  the  base  for  the  CNO  allocation  of  TOA  to  each 

mission  for  the  current  cycle.  It  is  also  the  base  for  assigning  funds  to 

each  resource  sponsor  in  fulfilling  the  missions.  His  allocation  of  funds 

to  the  sponsors  is  provided  as  RAD  III.  The  display  is  a matrix  with  the 

ten  missions  down  the  page  and  the  1 1 resource  areas  across  the  page. 

The  total  funds  for  the  Sea  Control  mission  are  comprised  of  the  portion 

3 

attributable  to  each  resource  such  as  surface  ships,  C (Command,  Con- 
trol and  Communications),  manpower,  etc. 

SUM  CPAM  I Summary  CPAM  I 

This  document  contains  the  published  results  and  findings  re- 
garding the  health  of  the  Navy  mission  areas  as  presented  in  the  CPAM 
briefings  to  the  CEB  and  PDRC.  It  provides  the  CNO  with  background 
material  for  issuing  his  fiscally  constrained  guidance. 

SPP  Sponsor  Program  Proposals 

Once  the  CNO  issues  his  guidance  and  allocates  funding  to  the 
sponsors,  they  prepare  proposals  which  seek  to  provide  adequate  resources 
to  support  each  mission.  Since  all  ten  missions  must  be  supported  in  some 
way,  there  are  obviously  differences  with  regard  to  the  proper  support 
each  mission  should  receive  among  the  sponsors.  This  debate  is  carried 
on  using  the  PDRC  as  a forum.  During  these  reviews  an  attempt  is  made 
to  achieve  program  balance  by  trade-offs  between  mission  funding  and 
between  appropriations. 
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SUM  CPAM  II  Sumrrtory  CPAMi  II 


This  is  a published  summary  of  the  sponsor  program  proposals 
and  the  decisions  recommended  by  the  PDRC.  It  is  used  as  a base  for 
CNO  final  decisions  on  the  program. 

TPOM  Tentative  Program  Objectives  Memeorondo 

This  document  represents  the  CNO  submission  of  the  Navy 
program  far  review  by  the  SECNAV.  This  review  is  carried  out  by 
the  Comptroller  of  the  Navy  and  the  Director,  Office  of  Program 
Appraisal  who  look  for  financial  feasibi  lity  and  balance,  reasonab Iness 
of  cost  estimating  and  conformance  to  SECNAV  and  SECDEF  guidance. 
With  the  signature  of  the  Secretary  of  the  Navy,  the  TPOM  becomes 
the  official  program  or  POM  of  the  Navy. 

Piogram  Adjustment  Process 

This  is  the  final  process  af  allocating  funds  to  each  mission, 
resource  area  and  appropriation  based  an  final  guidance  of  the  CNO. 
These  revisions  are  made  by  OP-090,  the  coordination  group  far 
programs  in  OPNAV.  The  "end  game",  as  it  is  referred  to,  is  an 
assignment  of  funding  levels  to  each  area  based  on  a balanced  program 
specified  by  CNO  in  CPFG  II. 
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1S-C 


CPFG  II 


CNO  Planning  and  Fiscal  Guidance  II 


This  is  the  final  decision  by  CNO  regarding  programs  to  be 
included  in  the  current  POM.  The  de  cisions  are  based  on  recom- 
mendations of  the  PDRC  in  Summary  CPAM  II  and  provide  guidance 
to  OP-90  for  final  POM  preparation. 

17-A  JFM  Joint  Forces  Memorandum 

The  Joint  Chiefs  respond  to  the  PPGM  issued  by  the  SECDEF 
with  the  JFM.  It  is  a "balancing 11  document  to  the  POM  which  is  the 
Service-originated  response  to  the  PPGM.  The  JFM  provides  recom- 
mendations of  force  levels  given  the  fiscal  constraints  enumerated  by 
the  SECDEF.  It  discusses  force  levels,  probabilities  and  risks  associated 
with  projected  levels  at  current  funding  rates.  It  compares  fiscally 
constrained  levels  with  both  JSOP  II  Prudent  Risk  levels  end  FYDP  levels. 
Out  of  this  comparison,  issues  and  discussion  areas  are  suggested  for  future 
consideration  by  SECDEF.  It  covers  the  budget  year  plus  seven  years  in 
i ts  ana  lysis . 

17-B  JSCP  Joint  Strategic  Capabilities  Plan 

The  JSCP  provides  the  CINC  of  the  Unified  and  Specified  Commonds 
and  the  Heads  of  the  Services  with  direction  for  the  performance  of  short- 
range  military  activities.  It  is  a two  part  document  with  Volume  I covering: 


17-C 


17-D 


1 7— E 


1 . National  Security  Military  Objectives 

2.  Global  and  Regional  appraisals  and  strategy 

3.  Assignment  of  tasks  to  CINCS 

4.  Planning  guidance  to  services 

Volume  II  covers: 

1 . Force  assignments 

2.  Planning  guidance  for  each  functional  area, 
i.e.,  intelligence,  logistics,  etc. 

The  JSCP  is  published  bi-annually  and  updated  as  necessary. 

F YD  P/RAD  IV 

The  T^avy  POM,  being  the  official  program  of  the  current  cycle 
is  worked  into  the  FYDP.  This  version  of  the  FYDP  becomes  the  RAD  IV 
iteration.  The  program  review  and  decisions  of  OSD  are  supported  by 
this  version  of  the  RAD. 

PR  Program  Review 

The  SECDEF , upon  receipt  of  the  service  POM,  initiates  a joint 
OSD/JCS  review.  Each  service  program  is  checked  for  compliance  to 
guidance,  feasibility,  reasonablness  of  costs,  risk  criteria,  etc.  The 
review  develops  a final  rationale  for  the  total  Defense  program  and  surfaces 
issues  requiring  decision  before  the  budget  becomes  complete. 

POM  Program  Objective  Memorandum 

This  is  the  final  and  official  program  presented  by  the  Navy  to 
OSD.  It  is  comprised  of  some  10  volumes  of  procurement,  force  structures 
and  levels,  manpower  requirements,  etc.  for  the  program  years  with  cost 
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levels  applied  to  the  first  5 years. 


17-F 


16-A 


NAVCOMPT  Budget  Call 

As  has  been  mentioned,  the  POM  covers  8 years  of  force 
levels  and  5 years  of  dollar  levels.  The  budget  addresses  the  first 
year  of  the  five  in  the  POM.  The  budget  cycle  picks  up  from  the 
programming  cycle  with  the  NAVCOMPT  Budget  Call.  This  is  a 
letter  with  enclosures  which  discusses  substantive  financial  matters 
relative  to  the  budget  to  be  prepared.  The  call  usually  reviews  the 
budget  formulation  cycle,  schedules  events  with  dates  and  refers  to 
the  POM  for  pertinent  program  information. 

Preparation  of  NAVCOMPT  Budget 
Based  on  NAVCOMPT  guidance,  POM  data  and  current  PDM 
information,  the  syscoms  and  other  claimants  prepare  their  proposed 
budgets.  The  controls  used,  if  not  specified  in  the  guidance,  would 
be  the  POM  TOA  levels.  The  Ship  Cost  Adjustment  Report,  a semi- 
annual exercise,  supplies  updated  costs  for  each  program.  Each  claimant 
prepares  budget  appropriation  requests  for  their  area  of  responsibility. 

Budget  Forms  P-1  through  P-42  are  prepared  as  applicable.  Before  the  budget 
finally  signed  by  the  Commander  or  Director  of  a component.  It  has 
gone  through  a rigorous  schedule  of  reviews,  approvals,  panels  and 
boards.  The  budget,  when  complete,  is  submitted  to  the  Office  of  the 
Comptroller  (OBR/FMR). 


15-A 


PDM  Progrom  Decision  Memorondo 


15-5 


15-C 


The  Progrom  Review  by  OSD/JCS  develops  certain  issues  which 
require  resolution.  The  decision  mode  by  the  SECDEF  are  published 
as  Progrom  Decision  Memorondo.  They  give  the  background  of  the 
issue,  the  options  considered  and  the  decision  made.  Assessments 
are  made  as  to  the  risk  associated  with  the  options  and  the  final 
decision . 

NBM  NAVCOMPT  Budget  Miork 

Once  the  hearings  are  concluded  and  controversial  issues  dis- 
cussed, decisions  ore  mode  by  NAVCOMPT  with  regard  to  the  budget. 
Programs  moy  be  reduced,  cut,  increased,  etc.  The  decisions  are 
published  in  the  format  of  the  original  budget  with  ''mark  up" 
notations.  The  decisions  of  NAVCOMtPT  are  sent  back  to  the 
Bureaus,  Syscoms  ond  other  components.  The  chief  result  of  the 
"budget  mark"  is  the  publishing  of  new  control  figures. 

NH  NAVCOMPT  Hearing 

Once  the  budget  has  been  received  from  the  Syscoms  or  other 
cloimonts  and  reviewed  by  OBR/FMiD,  hearings  are  held,  in  the 
Comptroller's  Office.  These  hearings  are  o forum  to  debate  NAVCOMPT 
views  of  budget  issues  vs.  views  of  the  claimants.  A typical  hearing 
on  SCN  issues  have  been  ottended  by  the  Head  of  OBR/FMD, 
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15-D 


14-A 


14-B 


OP-090,  the  cognizant  program  and  appropriation  sponsors,  the 
responsible  SHAPM  . These  hearings  do  not  solve  all  the  issues, 
however,  and  the  “budget  mark*'  which  follows  this  process  repre- 
sents the  views  of  NAVCOMPT  - not  necessarily  unanimous  views 
of  all  parties  including  claimants. 

PBA  Prepare  Budget  Appeals 

The  Budget  Mark  identifies  areas  of  controversy  between 
NAVCOMPT  and  the  claimants.  The  cla  imants  prepare  appeals 
therefore  to  be  taken  to  higher  authority.  Initially,  this 
higher  authority  is  OP-90. 

APDM  Amended  Program  Decision  Memoranda 

At  the  conclusion  of  the  reciama  process  and  the  issue  meetings, 
the  SECDEF  and  the  Service  Chiefs  agree  on  the  overall  defense 
program.  The  decisions  made  on  previously  controversial  issues  are 
published  as  Amended  Program  Decision  Memoranda  which  taken 
along  with  the  POM  are  the  program  of  the  Navy. 

Reclamas 

The  decisions  of  the  SECDEF,  PDM's  , are  issued  to  claimant 
components  for  review.  Those  claimants  wishing  to  do  so  may  appeal 
the  decision  and  request  reinstatement  of  a program.  This  process  is 
referred  to  as  the  reciama.  It  is  a series  of  sessions  at  the  close  of 
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the  programming  cycle  where  claimants  appeal  decisions  af  the 
Secretary . 

14-C  PPM  Issue  Meeting 

The  appeals  of  the  SECDEF  PDM  leave  issues  unresolved  with 
regard  to  the  current  program.  Issues  of  this  sort  are  resolved  for 
each  service's  program  by  a head-to-head  meeting  between  the 
SECDEF  and  the  Service  Chief.  Either  ogreement  is  reached  on  an 
issue  or  the  SECDEF  makes  the  final  decision  of  the  program.  These 
decisions  are  issued  as  APDM's. 

14-D  OSD  Budget  Guidance 

When  the  Program  Review  of  all  Service  POM's  has  progressed 
ta  the  PDM  and  Reclama  stage,  enough  information  is  available  about 
the  approvsd  program  that  Budget  Guidance  can  be  issued.  In  addition 
to  certain  program  aecisions  per  the  PDM's,  a new  Navy  TOA  control 
is  issued. 

1 4 — E Balance  to  OSD  Guidance 

The  series  of  hearings  concluding  with  the  CNO  review  has 
produced  a Navy  program  with  appropriation  controls  based  on  the 
original  submissions,  and  Navy  guidance.  Once  the  OSD  control  is 
issued  with  its  Guidance,  NAVCOMPT  makes  decisions  directed 
toward  balancing  with  OSD.  Meetings  are  held,  whether  the  Navy 
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is  over  or  under  the  controls,  so  that-  appropriation  sponsors  and  other 


14-F 


1 4-G 


13-A 


interested  parties  can  add  back  or  delete  programs  based  on  their 
priori ty  list . 

CNO  Hearing 

Issues  that  remain  unresolved  after  the  OP-90  hearing  are  taken 
by  the  Head  of  OP-90  to  the  CNO  for  decision.  His  decisions  are  in 
concert  with  OSD  guidance  where  applicable  and  where  not  related, 
reflect  the  Navy  position  for  the  final  submission. 

OP-90  Hearing 

The  issues  developed  in  the  NAVCOMPT  Mark  and  appeals 
developed  by  the  claimants  are  reviewed  in  hearings  held  by  OP-090. 
Sponsors  for  programs  and  appropriations  debate  with  NAVCOMPT  on 
the  budget  issues.  OP-090  judges  the  merits  of  each  side's  argument 
and  makes  a decision.  If  no  decision  is  possible,  the  Head  of  OP-090 
takes  the  issue  to  higher  authority. 

SECNAV  Budget  Hearing 

The  final  Navy  decisions  regarding  budget  issues  are  made  in  the 
SECNAV  budget  hearing.  The  CNO  defends  prior  decisions  and  pro- 
vides the  background  information  on  the  budget  cycle.  SECNAV 
has  been  kept  up  to  date  throughout  the  budget  process,  so  no  big 
surprises  or  unresolved  issues  appear  at  this  point.  When  the  SECNAV 
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review  is  complete,  the  Syscoms  are  given  the  go  ahead  to  prepare 
the  final  Navy  budget. 

13-B  NAVCOMPT  Review 

The  OSD  budget  submission,  once  it  has  been  prepared  by  the 
claimants,  is  reviewed  by  NAVCOMPT.  The  primary  budget  docu- 
ments, i.e.  P-l's  are  forwarded  to  OSD  for  the  Program  Budget 
Review.  Other  back-up  documents  are  kept  for  a time,  checked  and 
used  to  prepare  for  testimony  at  a later  date. 

13-C  Preparation  of  OSD  Budget 

All  budget  issues  are  resolved  by  the  end  of  the  SECNAV 
review.  New  controls  have  been  sent  out,  NAVCOMPT  has  issued 
final  program  guidance  and  given  the  signal,  the  claimants  prepare 
the  OSD  Budget  submissions.  All  budget  documents  are  re-worked 
and  budget  supplements  are  prepared.  These  budget  supplements 
include  the  Program  and  Financing  Statements  (Obligation  Phasing 
Plan),  the  Congressional  Data  Sheets  and  the  Five  Year  Shipbuilding 
program.  These  are  prepared  in  a short  period  of  time,  generally,  and 
are  sent  to  NAVCOMPT  for  their  final  review. 

12-A  FYDP  FYDP/RAD  I 

The  decisions  made  in  the  final  stages  of  the  programming  cycle 
along  with  the  POM  are  entered  into  the  FYDP.  Additionally,  the 
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NAVCOMPT  budget  submission  to  OSD  is  recorded.  This  completes 
the  programming  cycle. 

12-B  Program  Budget  Review 

The  SECDEF  and  his  staff  review  budget  issues  that  have  been 
brought  to  light  during  the  OSD/OMB  reviews  and  which  have  been 
developed  by  OSD  staff  analysts  throughout  the  budget  process.  Matters 
requiring  decision  are  aired  during  the  review  process  and,  at  the  end, 
the  decisions  ere  published  in  the  form  of  Program  Budget  Decisions, 
the  Secretary’s  thinking  on  matters  is  communicated  to  the  Services 
by  Preliminary  PBD’s  :o  that  reclames  can  be  prepared  should  the 
Service  so  desire . 

12-C  OSD/OMB  Hearings 

The  Navy  Budget,  along  with  the  budgets  of  other  Services  are 
submitted  to  OSD  for  a continued  DOD  review.  Since  the  final  stages 
of  budget  approval  cccur  during  a short  period  of  time,  this  review  is 
carried  on  jointly  by  OSD  and  OMB.  The  purpose  of  this  review  is 
two-fold . 

1 . To  review  the  combined  service  submission  and  check 

for  overall  feasibility,  consistency,  reasonableness,  etc. 
and 

2.  To  review  the  total  Defense  Budget  along  with  the  submissions 
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of  other  government  agencies  and  departments.  Their 
review  results  in  issues  being  surfoced  for  SECDEF  review 
in  the  PBD  process. 

1 1 -A  Issues  PBD 

The  decisions  made  by  SECDEF  with  regard  to  major  issues  are 
published  in  tine  form  of  Program  Budget  Decisions.  They  are  sent  to 
the  claimants  who  have  a short  amount  of  time  to  respond  in  the  form 
of  reclames,  The  PBD  describes  the  issue  involved,  the  alternatives 
considered,  and  the  alternative  chosen. 

10- A Find  PBD 

Having  concluded  the  reclame  sessions  and  the  issue  meetings 
with  the  Service  Heads,  the  final  PBD's  are  issued.  Their  decisions 
taken  along  with  the  approved  budget  become  the  Defense  portion  of  the 
President's  Budget. 

1 0— B Issue  Meeting 

The  PBD's  document  SECDEF  decisions  about  major  budget 
issues.  The  reclamas  are  the  forum  for  debating  issues.  The 
Issue  Meeting  is  a head  to  head  meeting  between  the  SECDEF  and  the 
Service  Head  to  agree  on  final  direction.  Either  agreement  is 
reached,  or  SECDEF  decides  the  course  of  action  to  be  token. 

10-C  Reclamas 

The  decisions  of  the  SECDEF  in  the  PBD's  can  be  appeoled  by 
the  Services.  The  debate  related  to  these  major  budget  issues  is 
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referred  to  as  a reclama.  No  decisions  are  made  ct  fliis  point  -- 
only  discussion  designed  to  adequately  present  all  sides  of  an  issue. 
9 -A  Publish  President's  Budget 


9-B  FYDP  FYDP  Update 

The  final  Defense  budget  as  amended  by  the  PBD's  is  input 
to  the  FYDP  update.  The  status  of  the  FYDP  after  the  update  is  the 
"Approved  Program"  version. 

NOTE:  All  activities  carried  on  in  the  last  nine  months  of  the  planning 

and  funding  process  is  carried  on  in  Congress  for  all  Government 
Departments  — not  only  the  Defense  Department.  The  one  exception 
is  the  activity  ot  apportionment  where  the  Executive  Branch  of  the 
Government  is  responsible  for  preparing  both  the  funding  levels 
and  timing  of  approved  funds. 
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FIGURE  C.3 
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IV.  PHASED  ACQUISITION  SYSTEM  CHART 

AND  DETAILED  DESCRIPTION  OF  ACTIVITIES 


The  Navy  Ship  Acquisition  Process  was  developed  by  DOD  in  1972 
as  a method  for  managing  Defense  acquisition  programs.  Descriptions 
of  the  basic  activities  concerned  with  Planning,  Funding,  Control,  and 
Evaluation  are  provided.  The  process  involves  the  entire  procedure  of 
acquisition,  beginning  with  identification  of  system  requirements  through 
final  delivery  of  the  ship. 

The  process  is  divided  into  seven  distinct  phases  as  follows: 

1)  Origination  of  Ship's  Requirement 

2)  Validation  of  Ship's  Requirement 

3)  Conceptual  Design 

4)  Preliminary  Design 

5)  Contract  Design 

6)  Detailed  Design  and  Construction  of  Lead  Ship 

7)  Production  of  Follow  Ships 

These  seven  phases  plus  the  Operational  Phase,  through  decommissioning 
are  detailed  in  the  Figure  (Figure  C.4)  at  the  end  of  this  section.  Each  box  on 
the  figure  is  numerically  keyed  to  the  narrative  which  precedes  the  Figure. 

As  an  overview,  a brief  version  of  the  acquisition  process  is  shown  on  the  next  page. 
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FIGURE  C-4 

COMBATANT  SHIP  ACQUISITION 
EVENT  PHASING  AND  SYNCHRONIZATION 

(REPRESENTATIVE) 


ISSUED  OR  EVENT 


ORIGINATION  OF  REQUIREMENT 


1-A  PLANNING  PROCESS  OF  THE  JOINT  CHIEFS  OF  STAFF 

The  Joint  Chiefs  of  Staff  identify  possible  needs  for  new  force 
structures  by  considering  national  objectives,  treaty  obligations, 
current  equipment  inventories,  and  apparent  deficiencies.  Their 
planning  process  results  in  the  issuance  of  a Five  Year  Defense 
Plan.  In  a general  way,  this  process  sets  the  stage  for  ship  requirements. 

1-B  NAVAL  OPERATIONS  MISSION/RESOURCE  SPONSORS 

The  ship  acquisition  process  begins  with  consideration  of 
national  objectives,  policies,  projections  of  economic  conditions, 
psychological  attitudes,  and  available  technology.  After  the 
threat  is  defined  and  national  and  military  strategies  developed, 
studies  of  possible  alternative  trade  offs  of  (1)  missions  and  tactics, 

(2)  technology  and  (3)  available  resources;  takes  place  in  order 
to  establish  necessary  operational  and  technical  capabilities. 

1-C  RESEARCH  AND  DEVELOPMENT  WITHIN  THE  NAVY 

Navy  laboratories  and  other  RDT&E  organizations  play  a 
vital  role  in  development  of  ships  and  weapons  systems 
outside  the  current  "state  of  the  art". 

1-D  GENERAL  OPERATIONAL  REQUIREMENT 

The  General  Operational  Requirement  is  a broad  statement  of 
objectives  and  goals  for  operational  capabilities  that  will  be 
required  in  warfare  or  support  areas  to  counter  anticipated  or 
predicted  threats  within  10-20  years.  It  provides  guidance 
for  the  preparation  of  Proposed  Technical  Approaches  (PTA)  for 
meeting  future  needs  when  required  support  technology  is  avail- 
able (See  Figure  C.5  for  a chart  on  ship  subsystem  interdepen- 
dencies which  relates  to  the  generation  of  the  Requirement.) 

1-E  NAVY  LABORATORIES/ PRIVATE  CONTRACTORS 

Government  owned  and  operated  laboratories  are  the  main  in- 
house  research  and  development  focal  points  and  account  for 
approximately  30  percent  of  the  Navy's  RDT&E  program. 
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FIGURE  C-5 

SHIP  SUBSYSTEM  INTERDEPENDENCIES 
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Navy  regulations  call  for  RDT&E  work  to  be  accomplished  by 
the  class  or  institution  - Government  laboratories,  educational 
institution  or  private  contractor,  who  can  perform  the  work  most 
effectively  and  efficiently. 


1- F  PROPOSED  TECHNICAL  APPROACH 

The  Proposed  Technical  Approach  (PTA)  is  prepared  by  the  Systems 
Commands  for  the  use  of  CNO/CNM.  It  aids  the  CNO's  decisions 
regarding  further  development  towards  mission  accomplishment  by 
providing  technical  information,  cost/trade-off  data,  and  an 
assessment  of  the  reliability,  maintainability  and  support  require- 
ments for  systems  similar  to  those  under  consideration. 

VALIDATION  OF  REQUIREMENTS 

2-  A CNO  PROCESS  OF  OPERATIONAL  REQUIREMENT  DEVELOPMENT 

The  CNO,  being  a part  of  the  JCS,  prepares  the  OR  which  describes  a de- 
sired objective,  lists  alternative  approaches,  estimated  cost  parameters, 
etc.  The  CNO  also  convenes  the  Ship  Acquisition  and  Improvement 
Panel  (SAIP)  which,  after  a review  of  the  requirement,  appoints  an 
appropriate  Program  Coordinating  Committee  to  assist  in  preparing 
the  Top  Level  Requirement.  Further,  the  CNO  appoints  the  SHAPM. 

2-B  OPNAV  SPONSORS 

OPNAV  establishes  the  mission  requirements  for  the  acquisition  and 
specifies  these  in  the  Operational  Requirement  (OR).  This  document 
essentially  expresses  the  need  for  a particular  capability  in  a system 
or  equipment. 

2-C  CNO  EXECUTIVE  BOARD 

The  CNO  Executive  Board  advises  the  CNO  on  strategy,  policy  and 
programs,  and  assists  in  the  analysis  of  decision  alternatives.  The 
CEB  has  several  special  panels  including  the  Ship  Acquisition  and 
Improvement  Panel  referred  to  in  2-D. 
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2-D  SHIP  ACQUISITION  AND  IMPROVEMENT  PANEL 


The  SAIP  is  responsible  for  developing,  monitoring  and  controlling 
the  characteristics  of  all  ships,  floating  dry  docks,  landing  and 
service  craft  and  large  and  medium  labor  tugs  and  patrol  craft. 


Upon  definition  of  mission  and  requirements  by  the  CNO,  the  Ship 
Acquisition  and  Improvement  Panel  (OP-03)  begins  ship  program 
studies  and  the  processing  for  Conceptual  Baseline  documents.  Co- 
ordinating with  personnel  from  the  Systems  Analysis  Division,  CNM, 
and  DCNO  for  RDT&E,the  chairman  of  the  SAIP  initiates  develop- 
ment of  the  Top  Level  Requirement  document  (TLR). 

2-E  DISCUSSION  OF  MISSION  REQUIREMENTS  AND  ALTERNATIVE 
APPROACHES 

The  SHAPM  maintains  communications  channels  open  to  OPNAV, 
CNM,  PARMs,  and  NAVSEA  functional  organizations  to  ensure 
that  the  mission  requirements  are  clearly  understood.  In  addition, 
the  effective  use  of  these  channels  will  serve  to  reduce  the 
possibility  of  redundency  in  required  tasks. 

2-F  FYDP  EXTENDED  PLANNING  ANNEXES 

The  Extended  Planning  Annex  is  a detailed  listing  of  specific 
resource  requirements  of  the  five-year  defense  programs. 

CNO  DECISION  ON  SHIP/SYSTEM 

Once  optional  systems  and  approaches  have  been  decided  on, 
the  CNO  selects  a system  for  further  development  with  guid- 
ance as  to  implementation. 

2-H  PUBLISH  OPERATIONAL  REQUIREMENT 

The  CNO  issues  the  Operational  Requirement  (OR)  which  serves 
as  the  basic  document  for  Navy  programs  requiring  development 
activity.  This  initial  document  often  establishes  a Design-to- 
Cost  target  developed  with  the  assistance  of  NAVSEA  01 G. 
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CONCEPT  PHASE 


3 -A  SHIP  ACQUISITION  AND  IMPROVEMENT  PANEL  APPOINT 
PROGRAM  COORDINATING  COMMITTEE 

The  SAIP  appoints  the  Program  Coordinating  Committee  whose 
mission  is  to  assist  in  the  development  and  coordination  of  the 
Top  Level  Requirement  and  Top  Level  Specifications. 

3-B  CNO  APPOINTS  SHAPM 

The  SHAPM  is  appointed  and  functions  under  a Charter,  approved 
by  the  Chief  of  Naval  Material,  from  the  Commander,  Naval 
Sea  Systems  Command.  The  SHAPM  is  the  manager  for  develop- 
ment, design  and  construction  of  an  assigned  ship  program. 

3-C  PROGRAM  COORDINATING  COMMITTEE  DEVELOPS  TLR/TLS 

This  group  includes  representatives  from  participating  activities 
who  assist  the  Program  Coordinator  (OPNAV)  in  developing  and 
coordinating  Top  Level  Requirements  and  Specifications. 

The  TLR  defines  the  operational  requirements  for  the  ship  in 
qualitative  terms.  The  maximum  cost  and  all  program  constraints 
which  can  affect  ship  design  and  utilization  are  specified.  The 
TLR  is  generated  through  a cooperative  effort  between  the  CNO 
and  CNM. 

Top  Level  Specifications,  developed  by  NAVSEASYSCOM,  con- 
verts the  top  level  requirement  into  a physical  ship  description. 
The  TLS  is  generated  in  conjunction  with  the  TLR,  but  is  issued 
after  the  TLR  at  the  end  of  preliminary  design. 

3-D  SHAPM  BEGINS  DEVELOPMENT  ACTIVITIES 

Managing  a Ship  Program  is  similar  to  setting  up  a large  company 
and  sometimes  is  equivalent  to  a small  industry.  A number  of 
activities,  therefore,  are  required  up-front  including  staffing, 
procedures,  financing,  space,  etc. 

3-E  PREPARE  DEVELOPMENT  PROPOSAL 

The  Development  Proposal  is  prepared  as  a response  to  the 
Operational  Requirements  document  and  comments  on  the 
feasibility  of  and  the  cost  to  produce  a ship  which  can  accom- 
plish the  stated  mission.  It  will  also  discuss  the  alternative  means 
of  mission  accomplishment  considered. 
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3-F  PREPARE  CSMP 

The  Combat  System  Management  Plan  is  the  primary  management 
document  used  in  planning  combat  system  integration  activities. 

It  specifies  functional  work  areas  to  be  covered  by  Participating 
Managers  and  provides  guidance  for  the  Combat  System  Design 
Requirement  (CSDR),  test  site  planning,  the  combat  system  testing 
plan,  configuration  management,  life  cycle  support  and  docu- 
mentation requirements. 


3-G  PREPARE  TEMP 


The  Test  and  Evaluation  Master  Plan  (TEMP)  provides  test  and 
evaluation  guidance  for  ship  systems  and  equipments.  This 
document  is  prepared  by  the  SHAPMand  is  reviewed  during  the 
DSARC  process.  It  supports  the  TLR  and  TLS  and  may  be  updated 
as  more  definitive  data  becomes  available. 


3-H  PREPARE  APP 


The  Advance  Procurement  Plan  is  the  principal  long-range  pro- 
curement planning  document  for  items  needing  to  be  ordered 
prior  to  start  of  the  construction  period.  It  identifies  the  long- 
range  operational,  technical,  business  and  policy  considerations 
essential  to  orderly  and  economic  procurement  actions. 


3-1  PREPARE  SHAP  OUTLINE 

The  SHAP  outline  describes  actions  to  be  taken  and  milestones 
to  be  met  during  the  acquisition  process  along  with  the  rationale 
for  planned  activities.  This  outline  evolves  into  the  official 
SHAP  as  more  definitive  information  becomes  available.  Some 
specific  areas  addressed  in  this  document  include:  (1)  physical 
and  performance  characteristics;  (2)  plans  for  contract  definition, 
procurement,  production;  (3)  operational  and  logistic  maintenance 
support;  (4)  milestone  completion  dates,  etc. 


3-J  ACTIVATE  SHIP  PROJECT  DIRECTIVE  MACHINERY 

The  Ship  Project  Directive  is  essentially  a contract  between  the 
SHAPM  and  PARM's  - the  providers  of  the  goods  and  services 
necessary  to  accomplish  the  project  effort  planned.  SPD's  may 
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be  separated  into  four  types:  (1)  Technical  Support,  (2) 

Advance  Material  Procurement,  (3)  Planning  Material,  and 
(4)  Regular  Material  SPD's. 

3-K  CNO  REVIEW  OF  DEVELOPMENT  PROPOSAL 

The  Development  Proposal  presents  to  the  CNO  the  following: 

(1)  the  results  of  technical  studies  and  (2)  alternative  solutions 
to  a given  problem.  In  other  words,  the  CNO  is  presented  with 
all  the  information  necessary  to  make  operational  and  cost  ef- 
fective comparisons  between  all  possible  technical  solutions. 

The  DP  also  presents  to  the  CNO  a discussion  of  the  operational 
need,  the  program  objectives,  and  the  recommended  CNM 
solution. 

3-L  TLR/TLS  DEVELOP  TO  CONCEPTUAL  BASELINE 

During  the  conceptual  phase,  alternatives  are  examined  for 
possible  costand  characteristic  trade-offs.  Once  the  alterna- 
tives (Feasibility  Studies)  are  compared  and  an  alternative  is 
selected  which  provides  the  proper  balance  between  operational 
requirements  and  cost,  the  design  documentation  becomes  the 
conceptual  baseline.  The  conceptual  baseline  is  the  basis  for 
the  preliminary  design. 

3-M  PERTINENT  DATA  FOR  DCP  OR  PM-DSARC  PRESENTATIONS 
The  pertinent  prerequisites  for  DSARC  Reviews  are: 

(1)  The  "For  Coordination"  draft  DCP  - the  "initial" 
draft  DCP  after  review  within  OSD  and  other 
interested  groups. 

(2)  Evaluation  report  of  the  test  program  by  the 
DDR&E  (T&E) 

(3)  Report  by  the  Cost  Analysis  Improvement  Group 
on  their  evaluation  of  the  service  cost  estimates. 

3-N  CNO  PREPARES  PROPOSAL  MEMORANDUM  (ACAT  II) 

A Proposal  Memorandum  (PM)  is  prepared  for  Acquisition 
Category  II  programs  which  have  estimated  expenditures  less 
than  $75  million  RDT&E  funds  or  less  than  $300  million  procure- 
ment funds.  Guidance  for  PM  preparation  is  found  in  the  Navy 
Programming  Manual  and  related  documents.  The  draft  PM  is 
presented  to  the  DNSARC  at  two  months  prior  and  two  weeks 
prior  to  each  scheduled  DSARC  review. 


3-0  CNO  PREPARES  DECISION  COORDINATING  PAPER  (ACAT  I) 


The  Decision  Coordinating  Paper  (DCP)  is  prepared  for  Acquisition 
Category  I programs  which  have  estimated  expenditures  exceeding 
$75  million  RDT&E  funds  or  exceeding  $300  million  procurement  funds. 
Guidance  for  preparation  is  found  in  the  Navy  Programming 
Manual  and  related  documents.  It  is  a summary  that  provides 
management  with  a broad  overview  of  a major  program,  supporting 
both  the  DSARC  review  and  SECDEF  decision-making  process. 

3-P  DSARC  PROCESS 

The  DSARC  I leads  to  the  Program  Initiation  Decision.  Many 
issues  are  discussed  during  the  proceedings  such  as: 

(1)  potential  military  need 

(2)  military  requirements  related  to  the  mission,  threat,  etc. 

(3)  definition  of  mission/performance  requirements 

(4)  identify  major  risks  and  problems 

(5)  establishment  of  real istic  quantity,  resource,  schedule, 
and  cost  estimates  (Class  "D"  quality) 

(6)  economic  and  technical  competition 

(7)  appropriate  DCP  threshholds 

(8)  alternate  "fall-back"  position 

(9)  design  to  cost  goals 

(10)  test  objectives 

After  approval  at  DSARC  I, negotiations  can  begin  on  Long  Lead 
Time  Material  and  Planning  SPD's. 

3-Q  DCP  - SECDEF  APPROVED 

The  SECDEF  first  decision  is  the  Program  Initiation  Decision  point 
after  DSARC  I.  The  decision  point  is  planned  to  occur  before 
obligation  of  large  expenditures  for  development  and  before  pos- 
sible program  alternatives  have  been  abandoned.  SECDEF 
is  concerned  with  the  areas  discussed  in  DSARC  I and  recommenda- 
tions incorporated  into  the  DCP.  The  primary  concerns  are: 

(1)  proven  identified  need;  (2)  system  parameters  fulfill  the 
need;  (3)  proper  plan  established  to  evaluate  system  alternatives; 

(4)  reasonable  estimates  of  preliminary  costs  and  scheduling; 

(5)  adequate  test  and  evaluation  plans;  (6)  acquisition  strategy 
is  in  line  with  program  characteristics. 
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IV.  PRELIMINARY  DESIGN 


4- A PREPARE  ILS 

The  Integrated  Logistic  Support  Plan  is  a composite  of  the  elements 
necessary  to  assure  that  the  maintenance  needs  of  the  ships  and 
systems  delivered  to  the  fleet  are  anticipated  and  that  the  resources 
are  available  to  meet  such  needs.  Its  purpose  is  to  promote  the 
development  of  technically  adequate  hardware  which  is  cost 
effective,  reliable,  maintainable  and  supportable. 

4-B  DEVELOP  TACTICAL  OPERATIONAL  REQUIREMENT 

The  Tactical  Operational  Requirements  is  a high  level  document 
for  the  projected  implementation  of  an  integrated  combat  system, 
supporting  the  TLR  and  TLS  in  the  area  of  combat  systems. 

4-C  MILITARY  PAYLOAD  FREEZE 

Militcry  Payload  Freeze  occurs  when  CNO  and  the  SHAPM  are 
ogreed  that  T LR/T LS  identification  of  the  elements  of  the  ships 
payload  system  go  under  formal  configuration  management. 

4-D  PREPARE  PRELIMINARY  CSOR 

Based  upon  the  combat  system  design,  the  Combat  System  Opera- 
tional Requirement  provides  the  procedures  necessary  to  assure 
integration  of  subsystem  computer  programs  with  each  other  and 
also  with  the  overall  combat  system. 

4-E  ISSUE  FINAL  CSMP 

The  Combat  System  Management  Plan  outlines  activities  necessary  to 
implement  the  combat  systems  aspect  of  the  ship  acquisition  process, 
including  computer  programs.  The  CSMP  aids  inter  PARM 
communication  and  agreement,  and  also  provides  a common 
basis  for  combat  system  SPD's. 

4-F  PREPARE  PRELIMINARY  CSDR 

The  Combat  System  Design  Requirement  document  describes  the 
overall  combat  system,  provides  a description  of  system  functions 
and  capabilities,  interface/functional  flow/operational  sequence 
diagrams,  along  with  software  guidelines  and  constraints. 
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4-G  ISSUE  PRELIMINARY  TEMP 

TEMP  is  issued  to  all  pertinent  organizations  for  information  and  comment. 

4-H  ISSUE  PRELIMINARY  SHAP 
Same  as  above. 

4-1  TRl/TRS  DEVELOP  TO  FUNCTIONAL  BASELINE 

The  TLR  and  TLS  reflects  the  Functional  Baseline  which  contains 
functional  and  interface  characteristics,  design  constraints  and 
tests  required  to  demonstrate  the  achievement  of  the  functional 
characteristics.  During  the  Preliminary  Design  Phase,  the  TLR 
and  TLS  are  concurrently  developed  from  preliminary  to  final 
form  for  issue  at  the  DSARC  II  decision  point. 

4-J  PERTINENT  DATA  FOR  DCP  OR  PM  DSARC  PRESENTATIONS 

Same  format  as  DCP,  PM  and  DSARC  I. 

4-K  DCP  DRAFT 

Same  as  above . 

4-L  DSARC  PROCESS  . - DSARC  II  APPROVAL  FOR  FULL  SCALE 
DEVELOPMENT 

The  DSARC  II  review  leads  to  a decision  on  full-scale  engineering 
development.  Some  of  the  issues  and  questions  involved 
at  this  review  are: 

(1)  Does  the  defense  system  still  satisfy  military  need, 
mission,  threat  and  anticipated  resources? 

(2)  Is  there  a proper  balance  between  cost  (Class  "C" 
quality  estimate),  schedule,  and  performance? 

(3)  Are  quantity,  resource  and  schedule  estimates 
practical  and  reasonable? 

(4)  Are  major  uncertainties  reduced  to  tolerable  levels? 

(5)  Establishment  of  valid  design-to-cost  guidelines 
accomplished? 

(6)  Are  well  defined  DCP  threshholds  established? 

(7)  Have  there  been  satisfactory  development  and 
operational  test  and  evaluations  up  to  DSARC  II? 

(8)  Establishment  of  integrated  test  and  evaluation  plan. 

(9)  Reassessment  of  proposed  alternative  positions. 
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At  the  DSARC  II  decision  point,  the  TL5  (Top  Level  Specifica- 
tion), second  TEMP  (Test  and  Evaluation  Master  Plan),  and  an 
updated  SHAP  can  be  issued. 

4- M  DCP/SECDEF  APPROVED 

The  second  decision  point  for  the  SECDEF  after  DSARC  II  is  the 
Full-scale  Engineering  Development  Decision  Point.  At  this  stage 
of  the  program  SECDEF  decides  whether  resources  should  be 
committed  to  full-scale  engineering  development  or  to  detail 
design  of  the  defense  system.  The  SECDEF  makes  his  decision 
on  the  basis  of  updated  information,  in  the  DCP  such  as:  (1) 
reaffirming  the  operational  need;  (2)  readiness  of  the  program 
to  proceed;  (3)  adequacy  of  test  and  evaluation  approach,  and 
results  thus  far,  and  (4)  revalidation  of  cost  and  schedule 
estimates,  etc. 

V.  CONTRACT  DESIGN 

5-  A TLIV'TLS  ARRIVE  AT  ALLOCATED  BASELINE 

The  TLS  is  updated  during  the  Contract  Design  Phase  to  reflect 
the  requirements  in  the  contract  specifications  and  is  issued  be- 
fore the  DSARC  III  decision  point.  It  becomes  the  documentation 
reflecting  what  CNM  will  supply  to  meet  the  Technical  Opera- 
tional Requirements.  No  OPNAV  initiated  program  changes 
should  be  made  without  a formal  change  to  the  TLS  and  TLR; 
thus  an  audit  trail  is  provided  for  uncontrolled  cost  increases. 

See  Figure  C.6  for  a flow  chart  on  ship  requirements  - specifi- 
cations from  feasibility  studies  through  contract  design. 

5-B  PREPARE  BID  SPECIFICATIONS 

NAVSEC,  PARMS,  and  NAVSEA  functional  organizations  aid 
the  SHAPM  in  the  preparation  of  drawings,  specifications  and 
plans  for  the  bid  package. 

5-C  PREPARE  QUALIFIED  BIDDERS  LIST 

The  project  manager  requests  preparation  of  the  Qualified 
Bidders  List.  The  list  is  derived  from  the  Master  Bidder's  Mailing 
List  for  the  particular  type  of  ship  involved.  Other  firms  known  to 
have  an  interest,  but  not  presently  on  the  master  list  can  be  included. 
Then  the  qualifications  of  each  firm  are  examined  against  the  proposed 
project  requirements:  technical  requirements,  quantities,  and 
special  contractual  considerations  involved  in  the  procurement. 

Those  which  qualify,  remain  on  the  Qualified  Bidders  List. 
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FIGURE  C.6 

REQUIREMENTS  - SPECIFICATIONS  DIALOGUE 
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TOR  - COMBAT  SYSTEM  TACTICAL  OPERATIONAL  REQUIREMENT.  SECNAVINST  3560  1 


5-D 


PREPARE  RFP 


The  RFP  (Request  for  Proposals)  is  a formal  solicitation,  and 
includes  a package  of  material  sent  to  the  prospective  bidder's 
including  contract  terms,  solicitation  instructions  and  con- 
ditions, information  to  offerors,  representation 
required  of  the  offeror,  unit  price  analysis  - basic  contruction 
(NAVSHIP  form  4280. 2), and  contract  specifications,  drawings, 
etc. 

5-E  REVIEW  BY  SUPSHIPS 


The  Supervisor  of  Shipbuilding  at  a probable  building  yard  generally 
reviews  the  bid  package  and  provides  input  related  to  the  ability 
of  a potential  contractor  to  produce  the  end  product. 


5-F  PREPARE  CONTRACT  DATA  REQUIREMENTS 

The  SHAPM,  assisted  by  NAVSEA  046  (Logistics  Support  Programs 
Division)  will  prepare  the  Contract  Data  Requirements  List,  which 
specifies  data  to  be  provided  related  to  the  shipbuilding  and 
vendor  contracts  (GFM). 

5-G  PREPARE  PROGRAM  INTEGRATION  PACKAGE  (PIP) 


This  package  consists  of  the  System  Operational  Design  for 
the  Combat  System,  Interface  Design  Specifications,  Program 
Documentation  Markup,  and  Design  Analysis  and  Review  Task 
Group  Proceedings.  The  PIP  eventually  becomes  the  post 
SCN  combat  system  computer  program  integration  configuration 
control  package. 

5-H  PREPARE  SLMP 

The  Ship  Logistic  Management  Plan  implements  or  identifies 
actions,  responsibilities,  budgeted  funds,  training  and  main- 
tenance required  to  properly  support  the  ship  subsequent  to 
turnover. 


5-1  FINALIZE  CSOR 


Incorporate  comments  from  interested  groups,  make  final  decisions 
on  combat  systems  and  publish  operational  requirement. 
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5-J 


FINALIZE  CSDR 


The  CSDR  described  in  4-F  is  issued  at  this  point  of  the  Contract 
Design  Phase,  after  sufficient  information  has  been  obtained  for 
the  issuance  of  the  TOR  by  OPNAV. 

5-K  ISSUE  TEMP 

The  Test  and  Evaluation  Master  Plan  is  implemented  at  this  point, 
following  program  approach  outlined  at  DSARC  II.  This  may  require 
building,  equiping  and/or  operating  land  based  test  sites; 
selected  equipments  or  systems  may  be  installed  aboard  exisitng 
ships  for  testing. 

5-L  PROCEED  WITH  ADVANCE  PROCUREMENT  OF  LONG  LEAD  ITEMS 

The  DSARC  II  decision  point  should  provide  authority  to  procure 
long  lead  time  material  for  the  lead  ship.  The  PARM's  will 
negotiate  for  the  lead  ship  items  and  make  preliminary  contract 
provisions  (fixed  price  plus  escalation)  for  follow  ship  material 
(if  later  approved).  Also  the  tentative  Planning  SPD's  will  be 
converted  to  funded  documents  at  this  point  in  time. 

5-M  ISSUE  FINAL  SHAP 

The  issuance  and  updating  of  the  SHAP  should  be  programmed  to 
coincide  with  budget  inputs  to  the  Program  Objectives  Memo- 
randum. The  SHAP  outline  is  replaced  by  the  SHAP  as  design 
and  development  continue  and  more  definitive  information 
becomes  available.  The  SHAP  outline  officially  becomes  the 
SHAP  at  the  Preliminary  Design  Phase. 

5-N  FUND  SPD  ACTIVITIES  FOR  DESIGN  AN D CONSTRUCTION 

Arrangements  are  made  to  fund  activities  necessary  for  design  work 
(NAVSEC  and  their  subcontractors)  and  construction  (GFM  items 
with  PARMS),  etc. 

5-0  DCP  DRAFT 

Same  as  above. 
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5-P  DSARC  PROCESS  DSARC  III,  APPROVAL  FOR  DETAIL  DESIGN  AND 
CONSTRUCTION  - LEAD  SHIP  (DSARC  A,  DSARC  B) 

The  DSARC  III  leads  to  the  production/deployment  decision.  Many 
areas  discussed  at  DSARC  I and  II  are  updated  and  additional  areas 
are  surfaced  such  as  (1)  current  evaluation  of  military  need,  and 
performance  related  to  mission,  threat,  etc.;  (2)  adequate  test 
results  to  support  start  of  major  production;  (3)  realistic  quantity, 
resource,  and  schedule  estimates;  (4)  completion  of  comparisons 
between  alternative  methods  of  fulfilling  the  military  need;  (5)  well 
defined  DCP  threshholds;  (6)  valid  production  quantity  requirements; 
(7)  exposure  of  all  major  problems;  (8)  identification  of  production 
issues;  (9)  sound  approach  to  contractor  selection;  (10)  criteria  es- 
tablished for  future  production  decisions.  The  Allocated  Baseline 
(ABL)  consisting  of  performance  oriented  contract  specifications 
and  drawings  for  development  of  all  shipboard  systems,  will  exist  by 
DSARC  III. 

Now  finalization  of  a Qualified  Bidder's  List,  solicitation, 
selection  and  awarding  of  the  contract  for  the  lead  ship  is  possible. 

5- Q  DCP  - SECDEF  APPROVED 

As  above  for  same  item. 

VI.  DETAIL  DESIGN  CONSTRUCTION  LEAD  SHIP 

6- A  ISSUE  RFP's  AND  SUPPORTING  DATA  FOR  BID 

Once  the  negotiator,  cognizant  SHAPM,  and  the  Office  of  Counsel, 
are  satisfied  with  the  adequacy  and  accurancy  of  the  information  in 
the  RFP  and  supporting  data,  then  the  negotiator  coordinates  the 
procedure  to  issue  the  solicitation  and  receive  offers. 

6-B  RECEIVE  AND  ANALYZE  CONTRACTOR  REPLIES 

The  negotiator,  cognizant  project  manager,  and  the  Ship  Production 
Office  perform  key  roles  in  the  source  selection  procedure.  The 
contractor  replies  are  analyzed  to  ensure  that  the  prospective 
contractor  is  "responsible"  according  to  ASPR  1-903  and  that  the 
contractors  offer  is  the  most  beneficial  to  the  government,  con- 
sidering price  and  other  factors.  The  NAVSEA  source  selection 
team  utilizes  pre-award  surveys,  information  files.  Master  Bidder's 
List,  contract  performance  summaries,  completed  contract  files 
and  individual  data  submitted  by  contractor  with  his  offer.  The  data 
is  analyzed  against  ASPR  1-903  standards. 
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6-C  CHOOSE  CONTRACTOR  AND  AWARD  CONTRACT 


Once  the  analysis  above  is  completed,  a contractor  will  have  been 
chosen  and  all  required  clearances  need  to  be  obtained.  The 
negotiator  assembles  the  contract  file,and  contract  preparation 
commences.  For  formally  advertised  procurements,  the  Con- 
tracting Officer  signs  the  award  and  mails  it  to  the  offeror,  and 
a legally  binding  contract  takes  effect.  For  negotiated  pro- 
curements, the  government  and  the  offeror  must  sign  the 
contract  for  it  to  be  legally  binding. 


6-D  CONTINUOUS  COMPONENT/SYSTEMS  TEST  DURING 
CONSTRUCTION 


During  the  shi  p construction  period,  production  acceptance  test 
and  evaluation  is  continually  taking  place  to  be  sure  all  systems  and 
equipments  installed  are  in  accordance  with  the  contract.  An  Integrated 
Test  Package  is  established  combining  government  and  shipbuilder 
prepared  test  documentation.  The  Management  Plan  for  Total 
Ship  Test  Program  for  Ship  Production  is  utilized  to  develop  the 


ITP. 


6-E  DELIVER  LONG  LEAD  ITEMS  FOR  LEAD  SHIP 


Items  on  order  prior  to  the  construction  decision  are  delivered  to  the 
contractor  for  installation  in  the  ship  platform. 


6-F  ORDER  LONG  LEAD  ITEMS  FOR  FOLLOW  SHIPS 


After  the  DSARC  III  Decision  Point  and  approval  of  the  start 
of  detail  design  and  construction  of  the  lead  ship,  procurement 
of  long  lead  time  material  for  the  follow  ships  in  the  program 
can  commence. 

6-G  DELIVER  GFM  AND  GFE 


When  GFE  is  accepted  by  the  shipbuilder,  a signed  recei 
is  forwarded  to  the  SHAPM. 


P* 
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6-H  DETAIL  DESIGN/CONSTRUCTION  LEAD  SHIP 


1 . Engineer  Specs  for  CFM 

Otherwise  known  as  “purchase  specification, 11  this  is  a technical 
description  of  the  item,  including  characteristics,  capacities,  ma- 
terials, etc.  This  document  is  prepared  by  the  shipyards's  design 
(or  engineering)  unit  and  is  a part  of  the  purchase  order  issued  to  the 
vendor. 

2.  Detailed  Hull  Design 

The  working  drawings  prepared  by  the  shipyard  or  its  design 
agent  which  are  issued  to  the  yards  production  department  for  con- 
struction of  the  ship.  The  working  drawings  are  translations  of  the 
ships  specifications  and  other  contract  documents. 

3.  CFM  Purchase  Contracts 


These  are  contracts  with  vendors,  which  are  basically  "purchase 
orders."  The  contracts  include  the  specifications  describing  the 
item,  requirements  for  vendor  drawings,  instruction  books,  delivery 
date,  etc. 

4.  Scheduled  Material  Delivery 


The  delivery  of  contractor  furnished  materials  including  steel, 
piping,  etc.  and  GFE,  pursuant  to  the  contractors  material  ordering 
schedule  and  construction  schedule.  The  material  is  scheduled  in 
such  a manner  as  to  require  minimum  storage  yet  sustain  construction. 

5.  Pre-Keel  Fabrication 

Construction  of  the  ship  is  begun  with  fabrication  of  steel  and 
piping, and  assembly  into  manageable  units,  including  bottom  shell, 
plating,  inter  bottom  units,  etc.  A sufficient  amount  of  such  work 
is  completed  in  the  pre-keel  period  to  sustain  construction  after 
keel  laying. 

6.  Lay  Keel 


Erection  of  the  first  unit  in  the  shipway  or  building  dock,  in- 
cluding flat  and  vertical  keel  plates. 
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7. 


Hull  Construction 


Erection  of  the  hull  in  the  shipway  or  building  dock,  including 
deck  houses  requiring  heavy  lift  cranes. 

8.  Install  Machinery,  Equipment,  Military  Systems 

Installation  of  main  and  auxiliary  machinery  and  weapon  systems. 

9.  Launch 

Official  launching  or  christening  of  the  ship,  and  movement  from 
the  shipway  or  building  dock  in  which  it  was  erected  to  an  outfitting 
pier. 


10.  Post  Launch  Outfitting 

Completion  of  interior  work  including  living  and  working  spaces, 
communication  and  navigation  systems,  weapon  systems,  etc. 

1 1 . Dock  Trials  and/or  fast  cruise  simulation 

Conduct  of  trials  at  the  dock  for  purposes  of  testing  main  propulsion 
and  auxiliary  systems. 

12.  Builders  Sea  Trials 

Underway  trials  and  inspections  conducted  by  the  builder  to  assure 
readiness  of  ship  for  trials  by  Navys  Board  of  Inspection  and  Survey. 

13.  INSURV  Trials 

Acceptance  of  INSURV  Trials  conducted  by  Navy  Board  of  In- 
spection and  Survey  to  determine  suitability  of  ship  for  Navy  acceptance. 

14.  Correct  Deficiency 

Correction  of  deficiencies  and  completion  of  incomplete  items  as 
determined  during  sea  trials. 

15.  Deliver  to  Navy 

Official  delivery  of  a ship  to  the  Navy  by  the  shipbuilder. 
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6-1  SHAP  CONSTRUCTION  MONITORING 

S U PS  HIP  will  be  primarily  responsible  for  the  daily  monitoring 
of  the  shipbuilder's  performance,  although  the  SHAPM  and  his 
staff  should  observe  on-site  performance  periodically. 

6-J  COMPLETE  FITTING  OUT  PROCESS 

This  is  the  process  of  placing  material  specified  in  allowance  lists 
on  board  the  ships.  This  is  accomplished  during  the  Fitting  Out 
Availability  period  and  usually  occurs  in  conjunction  with  the  shipyard  work 
period.  The  process  includes  installation,  check-out  and  testing. 

6-K  DOCUMENT  CHANGES  TO  FOLLOW  SHIPS 

Plans  changed  during  lead  ship  construction  are  brought  up  to  data 
prior  to  start  of  follow  ship  construction. 

6-L  SHIP  COMMISSIONING 

This  occurs  after  delivery  and  is  characterized  by  the  manning 
of  the  ship  by  Naval  personnel, and  the  transfer  of  responsibility 
for  the  ship  to  the  fleet  commander. 

6-M  READY-FOR-SEA  PERIOD 

This  period  begins  after  the  fitting  out  period  and  lasts  from  one 
to  three  weeks.  The  RFS  period  is  designed  for  the  Commanding 
Officer  to  prepare  his  command  for  the  shakedown  period.  All 
tests,  alignments,  calibrations,  etc.  should  be  completed  during 
this  period. 

6-N  PREPARE  REPORT  ON  TEST  AND  EVALUATION 

Results  of  all  tests  are  documented  and  indications  as  to  corrective 
action  accomplished. 


6-0  UPDATE  SLMP 

Based  on  the  most  up-to-date  data  on  the  ship  as  constructed,  the 
Ship  Logistics  Management  Plan  is  updated  and  published  for  use 
of  personnel  responsible  during  the  operational  phase. 
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6-P  SHAKEDOWN  CRUISE  (Shakedown) 

The  Shakedown  period  extends  from  Reodiness  For  Sea  to  Post 
Shakedown  Avoilability.  The  following  should  be  completed 
during  this  period:  (1)  special  trials  and  tests  not  previously 
completed;  (2)  calibration  of  equipment;  (3)  alignment  of 
weapon  systems;  (4)  degoussing,  ronging,  (5)  or- 

ganize the  ship  and  train  the  crew;  (6)  load  aviation  units; 

(7)  refresher  training;  and  (8)  final  contract  trials. 

6-Q  UPDATE  SHAP 

The  SHAP  is  generally  revised:  (1)  on  a periodic  basis  not  to  ex- 
ceed six  months  from  the  issuance  of  a previous  revision;  or 
(2)  if  mojor  foctors  olter  the  project,  or  (3)  if  many  minor 
foctors  begin  to  alter  the  project. 

6-R  PREPARE  TRANSFER  PACKAGE 

About  o month  before  finol  controct  trio  Is,  the  SHAPM 
prepares  a Transfer  Plan  and  sends  it  to  the  appropriate  Ship  Logistic 
Monager  for  review.  The  Transfer  Package  outlines  the  documentation  to  b 
turned  over  to  the  SLM  when  he  ossumes  manogement  control. 

The  documentation  identifies  ond  details  the  planned  support 
of  the  ship  (mointenonce)  during  the  ships  expected  life  cycle. 

6-S  POST  SHAKEDOWN  OVERHAUL 

The  PSO  occurs  to  correct  deficiencies  discovered  during  the 
shakedown  cruise.  Contractor  and  government  responsible 
deficiencies  will  be  corrected  as  well  as  ony  other  authorized 
work. 

6-T  DCP  DRAFT 

The  DCP  will  be  updoted  with  the  results  from  the  DSARC  III  A 
decision,  (if  necessory)  and  forwarded  for  SECDEF  opprovol.  The 
decision  at  this  point  deals  with  follow  ship  construction. 

6-U  DSARC  PROCESS  - DSARC  III  A,  (APPROVAL  FOR  FOLLOW 
SHIP  CONSTRUCTION]  (DNSARC  A,  DNSARC  B) 

DSARC  III  A follows  the  same  formot  ond  covers  the  same  areas 
as  the  DSARC  II  decision  point  (committment  to  full  scale  develop- 
ment). The  dota  available  from  the  lead  ship  experience  will  be 
incorporated  into  these  proceedings. 
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6-V  DCP  SECDEF  APPROVED 


The  SECDEF  approves  (disapproves)  the  continuation  of  SHAPM 
programs  by  authorizing  the  procurement  of  follow  ships. 

6-W  TURNOVER  TO  SLM 

The  Ship  Logistic  Manager  is  responsible  for  fleet  support,  and 
overhaul  and  modernization  of  ships  from  the  point  at  which  the 
SHAPM  transfers  the  ships  to  the  SLM.  The  actual  transfer  date 
of  a ship  is  decided  by  agreement  between  the  SLM  and  the  SHAPM. 
Subsequent  to  the  transfer,  OPN  and  OMN  funds  will  be  used  for 
continued  life  cycle  support  of  the  ship. 


VII.  Most  of  the  steps  in  Phase  VII:  Production  Phase  - Follow  Ships 

are  repeats  of  the  Phase  VI  - Detail  Design  Construction  of  Lead 
Ship. 


7-F  CLAIMS  NEGOTIATION  AND  SCHEDULE 

According  to  NAVSEA  INST.  4365.1,  a team  is  established  for 
each  claim  submitted  and  accepted  by  NAVSEA,  and  specific 
steps  for  investigating  the  claim  are  followed.  The  NAVSEA 
Claims  Panel  (claims  under  one  million)  and  NAVSEA  Claims 
Board  (claims  over  one  million)  review  proposed  claim  settlements. 


VIII.  OPERATIONAL  PHASE 

8 -A  DELIVER  TO  FLEET  ASSIGNMENT 

Concurrent  with  the  logistics  management  turnover  cited  above, 
the  ship  is  delivered  according  to  an  Operational  Assignment 
Modes  for  normal  operational  assignment. 

8-B  COASTAL  FLEET 

Coastal  fleet  - consists  of  those  ships  that  are  in  full  operation 
but  not  assigned  to  a deployed  fleet  (6th  - Med;  7th  - Wes  Pac). 
Ships  undergoing  overhaul,  repair  or  shakedown/refresher 
training  prior  to  overseas  deployment  are  normally  assigned  to 
the  Coastal  Fleet. 
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8-C  COMBAT  FLEET 


The  ships  assigned  to  one  of  the  deployed  overseas  fleets  which 
are  combat-ready. 

8-D  SCHEDULED  MAINTENANCE 

Regular  overhauls  are  performed  on  a cycle  approved  by  the 
CNO  that  provide  for  the  periodic  restoration  of  ships  and 
equipments  to  specified  standards. 

8-E  SHIP  LIFE-EXTENSION  PROGRAM  OVERHAUL 

This  type  of  major  overhaul  is  performed  in  order  to  extend  ship 
life  and  therefore  is  much  more  extensive  than  regular  overhauls. 

8-F  DECOMMISSION 

The  process  by  which  a ship  is  placed  is  an  inactive  status  for 
transfer  to  the  Reserve  Fleet  or  ultimate  disposal. 
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(5)  Training  and  experience  are  vital 
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2.  Weight  Estimates  Present  Product  Definition  And 
Probably  The  Single  Most  Important  Element  Pre- 
sently Going  Into  Navy  Estimates 


(1)  The  first  weight  estimating  calculations 
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COST  ESTIMATING  IS  CARRIED  ON  BY  A NUMBER  OF 
ORGANIZATIONS  WITHIN  THE  NAVY 


I 


There  are  a number  of  organizations  within  the  Navy  which  have  cost 
estimating  or  estimate  validation  responsibilities.  Many  of  these  organizations 
have  capabilities  which  could  be  used  on  cost  estimating  for  shipbuilding  if  so 
tasked.  Others  are  already  involved, 

I.  HEADQUARTERS  ORGANIZATIONS 

The  Office  of  the  Chief  of  Naval  Operations  and  elements  of  the  Naval 
Material  Command  prepare  shipbuilding  estimates.  These  organizations  are 
shown  on  Figure  D.l. 

(I)  Office  of  the  Chief  of  Naval  Operations 

The  General  Planning  and  Programming  Division  (OP-90)  validates 
operating  costs  and  program  factors  for  the  FYDP,  DNFYP,  CPAM,  POM, 
SAR,  JFM  and  DCP  compilation.  This  group  also  maintains  the  Navy 
Resources  Model  (NARM)  and  the  Navy  Cost  Information  System  (NCIS). 

The  Fiscal  Management  Division  (OP-92)  is  headed  by  the  Navy 
Comptroller  and  it  reconciles  planning  and  programming  cost  estimates 
with  annual  budget  back-up  estimates,  validates  budget  costing,  provides 
budget  and  prior  year  cost  data,  reviews  budget  cost  estimates  that 
are  inputs  to  economic  analyses  required  to  support  budget  programs. 
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The  System  Analysis  Division  (OP  96)  maintains  a permament, 
dedicated  cost  estimating  group  capable  of  making  periodic  on- 
request  studies  of  Navy  programs,  both  ongoing  and  proposed,  for 
the  purpose  of  validating  acquisition  and  ownership  costs  of  major 
weapon  systems,  and  providing  the  cost  validation  function  in  support 
of  cost  and  effectiveness  studies,  CEB  (CNO  Executive  Board)  and 
PDRC  (Procurement  Development  Review  Committee)  presentations. 
This  group  has  access  to  all  data  within  the  Navy  and  employs  para- 
metric cost  analysis  with  other  techniques  to  keep  CNO  and  the  pro- 
gram sponsor  informed  of  the  results  of  independent  analysis  and 
validation. 

(2)  Naval  Material  Command 

The  Headquarters,  Naval  Material  Command  coordinates  the 
cost  analysis  program  within  the  Naval  Material  Command.  This 
program: 

. Provides  through  the  SYSCOM  estimating  groups  the 

capability  for  preparing  independent  cost  estimates 
and  evaluations  of  contractor  proposals  based  on 
actual  cost  experience  and  statistical  techniques. 

. Includes  documentation  of  estimate  quality. 

. Directs  the  execution  of  the  Contract  Cost  Data  Report 

(CCDR)  program. 
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. Collects,  processes,  validates  and  stores  data  in 

support  of  the  cost  analysis  program. 

. Provides  training  programs  for  personnel  assigned  to 

cost  estimating  functions. 

(3)  Systems  Commands 

Project  Managers  (SHAPM)  within  the  Naval  Sea  Systems 
Command  (NAVSEA)  have  the  organizational  responsibility  for  cost 
estimates  of  the  projects  under  their  cognizance.  SEA  01 G,  as  the 
centralized  cost  estimating  group,  acts  for  the  SHAPM's  in  preparing 
initial  conceptual  estimates,  cost  estimates  for  the  Program  Objectives 
Memorandum  (POM),  budget  cost  estimates,  and  contract  estimates 
for  new  construction  and  ship  conversions.  SEA  01 G is  the  focal  point 
for  various  GFM  cost  estimates  provided  by  NAVELEX,  NAVAIR,  and 
NAVSEC  but  its  duties  go  far  beyond  being  just  that  of  an  assembler. 
SEA  01 G estimates  the  cost  of  the  ship  construction,  the  cost  of 
installing  all  the  various  systems/equipments  that  are  Government 
Furnished  Material  (GFM),  and  forecasts  escalation  and  inflation  per- 
centages for  use  by  the  various  Project  Managers.  NAVSEA  01  G is  for 
NAVSEA,  the  Cost  Analysis/Estimating  Group  responsible  for  cost 
estimating  policy  and  guidance.  NAVSEA  01G13  is  the  focal  point  for 
all  weapon  system  GFM  furnished  by  NAVSEA  06.  This  includes  guns, 
surface  and  ASW  fire  control  systems,  missile  control  systems,  missile 
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launchers,  surface  and  air  search  radars  and  submarines  fire  control 
systems.  NAVSEA  01G13  validates  the  GFM  estimates  and  adjusts 
them  far  inflation. 

Within  NAVSEA,  other  groups  are  also  involved  in  the  cost 
estimating  process.  NAVSEA  0444  provides  NAVSEA  01 G the  estim- 
ates far  "F"  cog  and  "S"  cog  type  electronic  material  listed  an  the 
Electronic  Equipment  List  originated  in  NAVSEC.  Examples  of  "F" 
cog  would  be  Naval  Tactical  Data  Systems  (NTDS),  gyro  systems, 
and  ship  control  instrumentation.  Examples  of  "S"  cog  would  be 
pumps  and  propulsion  machinery.  NAVSEA  06H  provides  SEA  01 G 
the  cost  estimates  far  all  Sanar  equipment  for  surface  ships  and  sub- 
marines. It  is  the  function  of  NAVSEA  01G13  to  validate  and  adjust 
for  inflation  the  above  cost  estimates. 

The  Naval  Ship  Engineering  Center  (NAVSEC  6179),  a field 
unit  of  NAVSEA, develops  the  actual  requirements  far  electronic 
equipment.  These  requirements  are  listed  on  Electronic  Equipment 
Lists  which  are  sent  to  NAVSEA  01  G for  the  POM  and  for  ship/ship 
types  as  requested.  SEA  012  will  then  distribute  the  lists  as  appro- 
priate to  various  NAVSEA,  NAVELEX,  and  in  some  cases  to  NAVAIR 
codes.  The  lists  are  returned  to  SEA  01 G with  appropriate  cost 
estimates.  SEA  01 G has  the  responsibility  of  validating  and  applying 
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these  to  the  ship  total  cost  estimate. 


Within  the  Naval  Electronic  Systems  Command  (NAVELEX), 
NAVE  LEX  504B  is  the  Central  Cost  Estimating  and  Analysis  Group 
for  all  cost  estimates  which  NAVELEX  furnishes  SEA  01G.  These 
cost  estimates  may  originate  in  the  Material  Acquisistion  Directorate, 
ELEX  501 A or  PME  107  for  follow-on  procurements  of  production 
systems/equipments  or  from  the  cognizant  engineer  for  initial  pro- 
duction of  equipment/systems  . These  cost  estimates  can  also  be 
furnished  by  ELEX  504B  when  requested  to  do  so.  The  NAVELEX 
furnished  electronic  components  are  called  "Z"  cog  items. 

Within  the  Naval  Air  Systems  Command  (NAVAIR),  the  Cost 
Analysis/Cost  Estimating  Group  (NAVAIR  506)  acts  as  the  focal 
point  for  Command  cost  estimates  and  provides  cost  estimating  policy 
and  guidance.  However,  cost  estimates  for  POM  and  other  NAVAIR 
equipment  and  systems  are  provided  SEA  01 G by  NAVAIR  537,  the 
Ship  Installation  Division.  The  cost  estimating  function  of  NAVAIR 
537  is  a secondary  one  as  its  primary  is  for  procurement  and  install- 
ation of  shipboard  equipment  to  support  aircraft.  NAVAIR  506 
provides  aircraft,  aircraft  equipment,  and  missile  cost  estimates. 
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2. 


FIELD  ORGAN IZATIONS 


Several  field  activities  under  the  command  of  NAVSEA  have  large 
numbers  of  personnel  regularly  engaged  in  estimating  shipwork  (overhauls) 
costs.  It  should  be  noted  that  they  are  not  associated  with  new  construction 
budget  cost  estimates. 


(1)  Naval  Shipyards 


The  Commander  Naval  Sea  Systems  Command  exercises 
command  and  management  control  of  the  eight  naval  shipyards. 


Portsmouth 
Norfolk 
Long  Beach 
Puget  Sound 


Philadelphia 
Charleston 
Mare  Island 
Pearl  Harbor 


These  facilities  employ  approximately  63,000  people.  The  prin- 
cipal function  of  the  naval  shipyard  is  to  repair  and  oyerhau  ships. 
They  have  not  engaged  in  new  construction  since  1968. 

Each  naval  shipyards'  cost  estimating  ability  in  the  Planning 
and  Estimating  Division  as  of  June  30,  1976  is  shown  on  Table  D.l. 


The  planning  and  estimating  function  in  the  naval  shipyard 
is  very  similar  to  the  corresponding  function  found  in  private  ship 
repair  yards.  The  work  involves  preparation  of  job  orders  which 
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TABLE  D.  1 


PLANNING  AND  ESTIMATING  MANPOWER 

IN  NAVAL  SHIPYARDS 

(as  of  June  30,  1976) 


Shipyard 
Portsmouth 
Philadelphia 
Norfolk 
Charleston 
Long  Beach 
Mare  Island 
Puget  Sound 
Pearl  Harbor 


Supervisory 
& Clerical 

42 

51 

29 

31 

21 

72 

51 

24 

32f 


Planners  & 
Estimators 

112 

97 

191 

122 

140 

217 

204 

138 

122T 


include  breaking  the  jobs  down  into  key  operations  by  shop  and  estim- 
ating the  manhours  and  material  required  for  each  key  operation.  They 
estimate  from  previous  experience,  returned  costs,  plans,  specifications, 
sketches  and  instruction  books. 

The  planners  and  estimators  are  primarily  drawn  from  production 
forces  promoted  from  the  inside  shcps  and  waterfront.  The  average 
civil  service  grade  scale  for  planners  and  estimators  is  equivalent  to 
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GS-1 1 , i .e . , $17,000  - $22,000  pay  range . 


The  personnel  in  these  offices  deal  with  expenditures  and 
estimates  that  are  much  larger  and  more  complex  than  is  the  case  in 
a typical  private  ship  repair  firm.  Therefore,  with  this  capability, 
it  would  not  be  a quantum  jump  to  do  whole  ship  or  new  ship  con- 
struction estimations. 

It  is  not  the  purpose  of  this  report  to  suggest  that  naval  ship- 
yards do  new  ship  estimates  for  the  Navy,  but  it  does  identify  a 
reservoir  of  estimating  talent  that  may  be  drawn  upon  in  the  event 
expansion  of  SEA  01G  is  decided. 

Located  at  certain  naval  shipyards  are  organizations  titled 
"Planning  and  Estimating  for  Repairs  and  Alterations"  (PERA).  Each 
shipyard  PERA  has  responsibi lities  for  particular  ship  types.  During 
the  course  of  this  study,  two  PERAs  — one  for  amphibious  and  small 
craft  and  the  other  for  cruisers  and  destroyers  — were  examined  for 
their  ability  to  estimate  the  cost  of  installing,  checking  out  and  in- 
tegrating major  sub-systems  in  ships.  It  was  found  that  their  pro- 
cedures are  orderly,  definitive  and  detailed.  Further,  they  are  val- 
idated by  Ship's  Departure  Reports  and  are  updated  for  factors  which 
materialize  in  unique  and  novel  circumstances. 
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The  PERA  program  for  ship  overhauls  was  initiated  in  1966  as 
a plan  of  action  to  improve  the  advance  planning,  integration  and 
control  procedures  required  for  the  overhaul  of  ships.  New  urgency 
was  lent  to  the  program  on  December  30,  1975  by  the  NAVSEA 
Instruction  5400.25,  with  a statement  of  specific  responsibilities 
and  authority. 

(2)  Supervisor  Of  Shipbuilding, Conversion  And  Repair,  U5N 

(SupShips) 

The  principal  mission  of  the  SupShips  organization  is  to  ad- 
minister the  Navy  ond  other  DOD  shipbuilding,  design,  conversion, 
and  focility  contracts  ot  private  shipyords.  The  SupShips  also  aword 
and  odminister  contracts  for  ship  overhaul,  repair,  alteration,  and 
activotion.  This  work  is  done  under  master  contracts  for  repair  and 
alteration  of  naval  ships. 

The  SupShips  organization  now  has  15  offices  in  the  major 
shipbuilding  and  repair  ports  of  the  United  States.  The  totol  stoff 
includes  221  officers  and  3,063  civilian  employees  (June  30,  1976). 
The  staffing  by  organizational  component  is  shown  on  Table  D.2. 
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TABLE  D.2 


STAFFING  OF  THE  FIFTEEN  OFFICES 

OF  THE 

SUPERVISORS  OF  SHIPBUILDING.  CONVERSION  & REPAIR 


Organizational  Units  in  each 


SUPSHIP  Office 

Officers 

Civi  lians 

Command  Staff 

63 

84 

Contract  Department 

12 

245 

Business  Review  and  Cost 

Monitoring 

3 

83 

Quality  Assurance 

27 

615 

Industrial  Production 

46 

193 

Engineering 

22 

447 

Planning  and  Estimating* 

12 

504 

Naval  Architecture 

0 

61 

Allowance  Lists 

2 

153 

Administrative  Services 

24 

562 

Other 

16 

116 

Total  - 15  Offices 

251 

3036 

★ 


For  Newport  News,  this  group  is  called  the  Proposal  and 
Evaluation  Division. 


The  SupShips  office  at  Newport  News  Shipbuilding  and  Dry 
Dock  has  what  is  known  as  the  Proposal  and  Evaluation  Division. 

This  division  develops  budget  estimates  for  repairs  and  alterations  and 
evaluates  proposals  received  from  the  shipyard  for  doing  this  work. 
They  also  adjudicate  changes  under  the  various  contracts,  i.e.,  new 
construction,  repair,  and  alteration. 

As  of  January  1977,  this  group  had  a staff  of  31  which  was 
made  up  of  five  cost  engineers  and  26  technical  analysts,  The  cost 
engineers  are  grades  12  and  13  and  are  college  engineering  graduates 
with  an  average  of  22  years  shipyard  and  associated  experience.  The 
26  technical  analysts  are  mostly  from  the  Norfolk  Naval  Shipyard. 

Since  the  other  SupShip  organizations  have  similar  estimating 
talents,  the  Navy  has  yet  another  pool  of  over  500  people  with 
estimating  experience  to  draw  from. 
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3.  NAVAL  SHIP  CONSTRUCTION  PROGRAMS  ARE  SO  EXTENSIVE 
AND  COMPLEX  THAT  OVER  50  OFFICES  ARE  INVOLVED  FOR 
PROVIDING  COST  INPUTS 

Figure  D.2  illustrates  the  broad  range  of  activities  that  have  cost 
analysis  and  cost  estimating  responsibilities.  For  ship  acquisition  (which 
involves  new  ship  construction,  modernization  and  repair),  seven  different 
budgets  are  involved. 


. SCN  — Ship  Construction, Navy 

. RDT&E  — Research  Development,  Test  and  Evaluation 

. FMS  — Foreign  Military  Sales 

. FMP  — Fleet  Modernization  Program 

. O&MN  — Operations  and  Maintenance,  Navy 

. OPN  — Other  Procurement,  Navy 

. WPN  — Weapons  Procurement,  Navy 


The  organizations  that  have  greatest  input  to  the  areas  of  responsibility 
shown  on  Figure  D.2  are  framed  in  a dark  border. 


It  can  be  observed  generally  that  SEA  01  G is  the  predominant  organ 
ization  with  respect  to  new  construction  and  conversion  estimates  and  devel 
ops  many  of  the  support  functions  such  as  economic  analysis  and  economic 
forecasting. 


For  Government  Furnished  Material,  the  predominate  source  of  cost 
information  is  from  NAVSEA  06  and  04  and  other  participating  managers 
within  the  SYSCOMS.  The  field  organizations  such  as  the  PERA  SupShips 
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have  a predominant  role  with  respect  to  changes,  fleet  modernization  pro- 
grams, overhauls  and  claims. 

NAVSEC  61 1 2D  is  heavily  involved  in  making  ship  construction  and 
life  cycle  cost  estimates  during  design  development. 

There  are  other  estimating  organizations  that  act  as  advisors  to 
CNO  or  OSD,  namely,  OP  96D  in  OPNAV  and  the  CAIG  in  OSD.  The 
Center  for  Naval  Analysis(CNA)  provide  cost  analysis  to  CNO.  Except 
for  SEA  01  G,  sub-contractors  and  manufacturers  are  often  a prime  source 
of  basic  cost  estimating. 
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II  THE  COST  ESTIMATING  ORGANIZATIONS  PROVIDE 
ESTIMATES  FOR  THREE  PRIMARY  PURPOSES 


These  purposes  are  encountered  at  various  stages  in  acquisition  pro- 
grams and  set  the  need  for  a continuous  process  of  estimating  to  facilitate 
decision-making.  The  problems  of  estimating  for  each  purpose  are  similar, 
but  the  guidelines  differ  and  the  estimating  results  may  be  expected  to  have 
more  validity  as  the  process  moves  onward  in  the  acquisition  of  a system. 
Inaccuracies  in  estimates  prepared  for  these  purposes  cause  certain  problems. 

I.  COST  ESTIMATING  FOR  PLANNING  AND  PROGRAMMING  SO 
THAT  THE  RELATIVE  BENEFITS  OF  DIFFERENT  ITEMS  CAN  BE 
EVALUATED. 

At  the  conceptual  stage  of  acquisition,  the  government  is  usually 
faced  with  several  choices.  There  is  competition  among  conceivable  and  con- 
ceived configurations  and  among  their  components.  Before  reaching  a de- 
cision on  whether  to  provide  funds  for  a proposed  program,  some  estimate 
of  the  final  cost  of  that  program  is  necessary  so  that  its  expected  benefits 
can  be  evaluated  in  terms  of  its  costs. 

Similarly,  where  a program  has  been  underway  but  has  not  reached 
final  commitment  stage,  the  decision  to  proceed  or  to  revise  a requirement 
may  depend  on  the  estimated  cost  of  completing  the  program. 

Cost  estimates  for  planning  and  programming  purposes  in  connection 
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with  new  programs  are  required  well  in  advance  of  the  expenditure  of  funds 
and  often  before  there  is  any  Firm  definition  of  the  Navy's  requirement,  or 
of  the  consequences  of  not  meeting  it.  In  such  circumstances  cost  estimates 
cannot  be  expected  to  be  precise.  Also,  during  the  planning  stage  many  new 
ideas  are  presented,  each  of  which  must  be  evaluated  for  its  probable  effect 
on  costs.  Hence,  there  is  a tendency  to  ask  for  a large  number  of  cost 
estimates  during  the  planning  phase. 

In  the  case  of  planning  estimates,  detailed  cost  analyses  are  not 
generally  feasible,  nor  are  they  essential.  Analogous  or  parametric  estimating 
techniques  are  usually  employed.  The  estimates  are  rough,  but  they  are  adequate 
for  an  activity  such  as  requirement  definition. 

Unrealistic  planning  cost  estimates  cause  problems  in  two  ways. 

. The  validity  of  cost/benefit  decisions  based  on  those 

estimates  may  be  highly  questionable. 

. Planning  estimates  are  frequently  misused  for  measuring  cost 

growth  by  ignoring  the  conditions  under  which  they  were  made 
and  the  changes  in  requirements  which  intervened.  This  has 
resulted  in  criticism  of  estimates  which  may  not  have  been 
reasonable  at  the  time  they  were  made. 

2.  COST  ESTIMATING  FOR  BUDGETING  IS  BASED  UPON  THE  BEST 
ESTIMATE  OF  WHAT  THE  ITEMS  WILL  COST  AT  THE  DATE  THEY 
ARE  TO  BE  PROCURED 

After  a decision  has  been  made  to  go  forward  with  a program,  or  to 
bring  additional  components  into  the  Navy  inventory,  a budget  must  be  pre- 
pared and  submitted  to  the  President  and  then  to  the  Congress. 
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The  budget  preparation  process  precedes  contracting  by  at  least 
two  years  and  often  longer.  In  oddition  to  the  estimating  errors  generoted 
by  the  time  factor,  the  budget  cost  estimate  is  sometimes  affected  by  vogue 
requirements.  Also,  estimates  made  under  limited  time  pressures  moy  not 
reflect  the  quolity  expected  of  an  estimate  for  this  purpose. 

Budget  estimates  hove  a direct  impact  upon  the  contracting  award. 
Procurement  personnel  occasionally  find,  upon  opening  of  bids  or  quotations, 
that  no  bid  or  quote  is  within  the  funds  budgeted.  It  then  becomes  necessary 
to  obtain  additional  funds  or  to  revise  the  requirement.  To  the  extent  that 
such  situations  arise  because  of  inaccurote  budget  estimates,  any  improve- 
ment in  their  accuracy  would  improve  the  procurement  process. 

The  techniques  used  for  budget  estimates  range  throughout  the 
onolytical  spectrum.  Comptroller  (SEA  01  G)  personnel  have  nominal 
responsibility  for  the  technical  quality  of  the  estimates,  but  programming, 
engineering,  and  GFM  specialists  provide  important  input  data. 

3.  COST  ESTIMATING  FOR  CONTRACTING  PROVIDES  AN  ESTIMATE 
FOR  THE  PROPER  PRICE  LEVEL  OR  VALUE  OF  THE  PRODUCT  OR 
SERVICE  TO  BE  PURCHASED 

The  contracting  process  includes  two  octions  by  the  government 
which  involve  cost  estimating  techniques. 
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. The  Independent  Government  Cost  Estimate,  which  is 

prepared  before  receipt  of  quotation. 

. The  Government  Contract  Negotiation  Objective  which  is 

prepared  after  receipt  and  analysis  of  company  proposals. 

The  Armed  Services  Regulation  (ASPE)  3082.1  provides  that, 

"Before  soliciting  quotations,  every  contracting 
officer  should  develop  where  feasible,  an  estimate 
of  the  proper  price  level  or  value  of  the  product  or 
service  to  be  purchased." 

The  contracting  officer  is  encouraged  to  review  technical  and 
prior  procurement  data  and  to  consult  with  other  specialists  as  necessary. 
The  ASPR  estimate  has  come  to  be  known  as  the  Independent  Government 
Cost  Estimate  (IGCE). 

The  principal  effect  of  unsatisfactory  estimates  on  contracting  is  to 
create  more  work  in  administration  areas  because  such  estimates  are  either 
based  on  the  availability  of  funds  or  are  used  for  fund  allocation  — in 
either  event,  financial  reprogramming  will  be  needed. 

In  competitive  procurement,  the  normal  practice  of  accepting  the 
low  bid  will  justify  the  reasonableness  of  the  price  in  most  circumstances. 

If  the  government  has  prepared  a cost  estimate  of  reasonable  quality,  a bid 
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which  is  unreasonably  low  compared  with  the  estimate  may  indicate  that 

the  offerer  is  not  fully  cognizant  of  the  contractual  requirement.  Such  a 
low  bid  may  also  indicate  the  possibility  of  a buy-in. 

Despite  the  multiplicity  of  cost  estimating  organizations  within  the 
Navy,  their  primary  objectives  revolve  around  these  three  purposes  just 
discussed . 
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THE  PRIMARY  COST  ESTIMATING  GROUP  FOR 
SHIPBUILDING  PROGRAMS  IS  THE  NAVSEA 


COST  ESTIMATING  AND  ANALYSIS  DIVISION 
(SEA  01 G) 

The  Cost  Estimating  and  Analysis  Division,  SEA  01 G,  is  the  principal 
cost  estimating  organization  for  shipbuilding  programs.  This  chapter  describes 
the  organizational  relationships,  organization,  functions  and  techniques  of 
the  Division. 

1.  GENERAL  PURPOSE  AND  ORGANIZATION  OF  THE  DIVISION 

As  shown  on  Figure  D.  1 , SEA  01  G is  part  of  the  Directorate  for 
Plans,  Programs,  and  Financial  Management,  SEA  01,  in  the  Naval  Sea 
Systems  Command.  It  is  the  focal  point  for  preparing  cost  estimates  for  ship 
construction  at  the  request  of  other  directorates  and  divisions.  It  is  SEA 
OlG's  primary  task,  as  discussed  in  Chapter  I,  to  estimate  the  basic  ship  cost 
and  include  GFM  costs  and  other  factors  to  establish  a final  end  cost  estimate. 
This  estimate,  after  review  and  concurrence  of  the  Ship  Acquisition  Project 
Manager  (SHAPM)  involved,  is  entered  into  various  management  systems 
requiring  such  estimates. 

Planning  and  budgeting  estimates  are  prepared  by  established  dates 
in  the  applicable  annual  cycles,  and  must  be  documented  and  classified  as 
to  quality  which  relates  to  the  completeness  and  adjudged  reliability  of 


D-21 


available  inputs.  Other  estimates  must  be  submitted  within  requested  periods, 
which  can  be  exceptionally  short,  occasionally  on  the  same  day.  Examples 
of  the  other  services  performed  are:  trade-off  analyses  for  ship  character- 
istics or  GFM,  habitability  features  on  ships,  cost  effectiveness,  life  cycle 
costs  policy  and  guidance,  analysis  and  projection  of  economic  data  such  as 
labor  trends,  material  inflation,  etc. 

What  is  now  the  Cost  Estimating  and  Analysis  Division  was  previ- 
ously referred  to  as  Ship  Cost  Estimates  and  Analyses  Office,  Ship 
Acquisition  Directorate,  Code  05F2.  Beginning  in  1966,  the  organization 
underwent  several  title  changes  until  it  finally  acquired  its  present  title. 
Through  July,  1969  it  was  not  officially  divided  into  any  organizational 
subdivisions,  probably  due  to  its  limited  size.  Before  September,  1970, 
however,  it  was  divided  into  the  Ship  Cost  Estimating  Branch  and  Cost 
Analysis  Branch  with  both  reporting  to  a Director.  This  has  been  the  Divi- 
sion's organizational  structure  since. 

The  Ship  Cost  Estimating  Branch  is  comprised  of  three  sections. 
Combatant  Ship  Cost  Estimating,  Auxiliary  Ship  Cost  Estimating  and 
Combat  Systems  Cost  Estimating.  The  Cost  Analysis  Branch  is  also  separ- 
ated into  three  sections:  Systems  Analysis;  Policy/Procedures  and  Review; 
and  Cost  Data  Analysis.  The  functional  assignments  in  this  organization 
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are  shown  in  Figure  D.3. 


2.  THE  SHIP  COST  ESTIMATING  BRANCH  (SEA  01  Gl)  IS  THE  FOCAL 
POINT  FOR  SHIP  COST  ESTIMATES 

The  Ship  Cost  Estimating  Branch  has  responsibility  for  developing 
unit  costs  for  ships  and  for  expanding  these  costs  into  end  costs  for  ship 
programs. 

(1)  A Large  Variety  of  Ship  Categories  and  Types  Require  End 
Cost  Estimates 

Table  D .3  gives  an  idea  of  the  variety  and  numbers  of  ships 
and  craft  which  require  attention  on  different  occasions  in  terms  of 
estimating  the  cost  of  construction  or  conversion. 

Sections  01  G 11  and  12  maintain  data  banks,  past  bids,  etc. 
in  sufficient  detail  to  permit  expeditious  estimating  with  either 
analogous  or  parametric  techniques  on  any  of  the  ship  types  shown. 
They  also  estimate  the  labor  cost  of  installing  and  integrating 
weapons  and  electronics  systems  on  ships. 

In  the  early  stages  of  ship  program  development,  many  tenta- 
tive estimates  are  prepared  before  a more  or  less  final  configuration 
is  settled  on  and  Figure  D.4  illustrates  this  fact. 
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FIGURE  D.3 

ORGANIZATION  CHART  FOR  COST  ESTIMATING  AND 
ANALYSIS  DIVISION  NAVSEA  - 01G 
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TABLE  D.3 


CATEGORIES  AND  TYPES  OF  NAVAL  SHIPS  ESTIMATED 


Combatant  Ships  Types 


Aircraft  Carriers  5 

Surface  Combatants  9 

Patrol  3 

Command  Ships  i 

Submarines  4 

Amphibious  Warfare  Ships  i 1 

Mine  Warfare  Ships  3 

Sub-Total  36 

Combatant  Craft 

Patrol  Craft  7 

Landing  Craft  7 

Mine  Countermeasures  Craft  5 

Riverine  Warfare  Craft  5 

SEAL  Support  Craft  4 

Mobile  Inshore  Underseas  Warfare  Craft  1 

Sub-Total  29 

Auxiliary  Ships  43 


Service  Craft  55 


Total  163 


SOURCE:  Classification  of  U.S.  Naval  Ships  and  Craft, 
January  6,  1975. 
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FIGURE  D .4 

NUMBER  OF  SEPARATE  DESIGNS  ESTIMATED  FOR 

FY  71  SCN  PROGRAM 

(EXCLUDES  SERVICE  & LANDING  CRAFT  AND 
CONCURRENT  OUT  YEAR  REQUIREMENTS) 


8 8 a & £ 2 “ 

SNOIS3G  aivavaas  ao  aaaiAinN 
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(2)  A Variety  Of  Government  Furnished  Material  (GFM)  Also 

Enters  Into  The  Estimating  Process 

The  cost  estimates  for  Government  Furnished  Material  (GFM) 
are  made  initially  by  all  of  the  Systems  Commands  and  forwarded  to 
SEA  01  G.  Table  D.4  identifies  some  of  the  GFM  and  principal  sup- 
pliers. In  the  context  of  ship  project  management  and  cost  estimating 
they  are  designated  as  Participating  Managers  (PARMs).  While  the 
range  of  individual  items  they  are  responsible  for  is  very  extensive. 

Table  D.5  summarizes  the  total  numbers  of  certain  weapons  and  elec- 
tronics systems  that  must  be  considered  for  shipboard  installation. 

Table  D.6  and  Figure  D.5  are  examples  of  the  kind  of  data  the  PARMs 
provide  to  the  Cost  Estimating  and  Analysis  Division  (SEA  01  G). 

An  appreciation  for  the  interrelationships  among  the  NAVSEA 
organizations  responsible  for  GFM  cost  estimates  to  the  SHAPM  and 
SEA  01  G can  be  gained  by  tracing  the  process  using  the  support 
provided  by  the  Deputy  Commander  for  Weapons,  Systems  and  Engineering 
(SEA  06)  as  an  example.  The  flow  of  information  is  shown  on  Figure 
D.6. 

In  SEA  06,  providing  cost  estimates  is  a direct  responsibility 
of  the  hardware  Project  Manager  (PM)  who  looks  at  the  cost  estimate 
function  as  a collateral  duty  as  he  must  allot  the  major  share  of  his 
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TABLE  D.4 


SOURCES  FOR  GFM  ESTIMATE  REQUESTS 


COMMAND 


GFM  INPUTS  FOR  SHIPS 


NAVA  I R 

NAVELEX 

NAVSEA  06 


NAVSEA  04 


NAVSEA  08 
BUMED 

SPECIAL  PROJECTS 


Catapults,  Arresting  Gear, 

Landing  Aids,  Shop  Equipment 

Communication  Equipment, 
Electronic  Countermeasures 

Radars,  including  Fire  Control 

Sonars 

Launchers 

Guns 

Naval  Tactical  Data  System 
AN/UYK  7 Computers 
Turbines,  Gears,  Generators,  etc. 
Gas  Turbines 
Pollution  Equipment 

Nuclear  Propulsion  Equipment 

Medical  Equipment 

Strategic  Ordnance 
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TABLE  D.5 


MAJOR  WEAPONS  AND  ELECTRONICS  SYSTEMS  ESTIMATED 


Gun  mounts  15 

Gun  fire  control  systems  6 

Launchers  for  missiles  or  aircraft  1 1 

Guided  missile  fire  control  system  9 

Underwater  fire  control  system  6 

Search  and  countermeasure  Radars  35 

Surface  ship  Sonars  22 

Surface  ship  depth  sounders  2 

Submarine  Sonars  47 

Submarine  depth  sounders  14 

Central  processing  units  for 

computer  systems  7 

Electronic  counter-measure  systems  50 


Total  224 


A PARTIAL  LIST  TYPICAL  OF  DATA  FURNISHED  TO  NAVSEA  01 G 
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COST  ESTIMATE  DOCUMENTATION  SUMMARY 

NAVSEA  7300/4  (4. 7S) 


FIGURE  D.5 
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PREPARED  BY 

(Signature) 
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FIGURE  D.6 

NAVAL  SEA  SYSTEMS  COMMAND  GFM 
COST  ESTIMATING  PROCESS 


PROCUREMENT  REQUEST  IPRi 


SEA  02  •$ 

CONTRACT  •!; 
NEGOTIATORS 


VENDOR 
& OTHER 
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SELECTED 

ACQUISITION 
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ANALYSIS  DIV 
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duties  to  design,  procurement,  and  the  many  other  aspects  of  his  job 
required  to  deliver  systems/equipments  as  scheduled.  SEA  01 G can 
and  does  prepare  cost  estimates,  on  an  exception  basis,  for  ordnance 
equipments  but  the  usual  case  is  that  they  accept,  review,  and  vali- 
date the  SEA  06,  PM's,  and  SEA  04's  estimates  for  the  hardware  and 
initial  spares. 

It  is  important  to  note  the  difference  in  cost  philosophy  be- 
tween the  hardware  Project  Managers,  SEA  06,  SEA  04,  and  SEA  01 G. 
The  PM's,  SEA  04,  and  SEA  06's  function  is  to  provide  realistic  cost 
estimates  and  then  hold  the  procurement  prices  and  schedules  in  line 
as  detailed  in  the  hardware  contract.  The  SEA  01  G group  must  insure 
that  the  Ship  Acquisition  Project  Manager  will  allot  enough  money  to 
cover  the  hardware  contract  cost  estimate  and  to  cover  all  contin- 
gencies including  those  costs  chargeable  to  the  SHAPM  by  the  ship- 
builder for  installation,  integration,  test  firings,  Weapon  Systems 
Accuracy  Tests  (WSAT),  Consolidated  Operability  Tests  (COT),  etc. 
SEA  01  G also  adds  or  corrects  inflation  factors  as  necessary.  A per- 
centage factor  is  usually  added  for  engineering  change  proposals. 

The  SEA  01  G cost  estimate  will,  therefore,  always  be  appreciably 
higher  than  that  of  the  PM. 
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Copies  of  the  SEA  01  G revised  estimates  are  forwarded  to 
the  Plans,  Programs  and  Financial  Management  Division,  SEA  060 
for  information  and  also  to  SEA  012  where  the  SEA  01  G estimates 
becomes  the  basis  for  SEA  012  Budget  Exhibit  P-35  which  is  subse- 
quently forwarded  to  the  SHAPM.  For  Sonar,  estimates  are  forwarded 
to  SEA  012  by  SEA  06H  and  becomes  the  basis  for  the  Sonar  P-35's. 

As  shown  in  Figure  D.6,  the  SEA  01  G GFM  cost  estimate  is  also 
forwarded  to  the  appropriate  SHAPM  as  part  of  the  total  ship  end 
cost  in  the  current  Fiscal  Year  Budget  Estimate  where  it  is  used  as 
the  basis  for  the  Budget  Exhibits  PS  and  P8a,  Schedule  A,  and 
Selected  Acquisition  Reports  (SAR)  for  major  equipments.  It  is  the 
cost  estimate  that  is  used  by  the  SHAPM  to  prepare  the  Budget 
Estimate  for  review  by  the  NAVSEA  Review  Board,  approval  by  the 
Commander,  Naval  Sea  Systems  Command  and  then  forwarded  to  the 
Chief  of  Naval  Material  and  the  Chief  of  Naval  Operations.  The 
above  oversimplified  process  as  diagrammed  at  the  bottom  of  Figure 
D.6  is  completed  in  approximately  12  to  15  months. 

After  the  ship  is  budgeted,  referring  to  Figure  D.  6,  the  SHAPM 
and  the  Participating  Managers  (PARMS)  will  negotiate  for  the  nec- 
essary GFM  and  support  via  the  Ship  Project  Directives  (SPD)  system 
and,  at  the  appropriate  time  in  accordance  with  the  directives  set 
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forth  in  the  SPD,  the  Project  Manager,  PARM  (SEA  04,  SEA  06) 
will  issue  a Procurement  Request  (PR)  to  the  Contract  Division  (SEA 
02).  A Request  for  Proposal  follows  and  after  receiving  bids,  NAV 
SEA  02  will,  after  consultations  with  the  Project  Manager  and  SHAPM, 
award  the  contract  and  monies  will  then  be  directed  by  the  SHAPM. 

The  Project  Manager,  SEA  04  or  SEA  06  will  then  be  respon- 
sible for  the  performance  of  the  contract  as  required  by  the  SPD  and 
must  notify  the  SHAPM  of  proposed  technical  baseline  changes;  if 
the  contract  levels  exceed  the  amount  of  money  directed  in  the  SPD; 
and  for  delivery  of  the  equipment  in  accordance  with  the  contract 
schedule. 

The  SHAPM  via  the  Ship  Specifications  requires  the  Ship- 
builder to  integrate  the  GFM  as  part  of  the  overall  ship  system 
(installation  design)  and  to  receive,  store,  install,  and  perform 
checkout  and  tests  for  the  GFM. 

(3)  Costs  of  Other  Acquisition-related  Factors  Are  Estimated 

By  The  Branch 

Form  NAVSHIPS  7130/1,  included  herein  as  Figure  D.6A,  is 
typical  of  the  work  sheet  used  by  estimators  to  summarize  their 
estimates  of  "End  Cost. " The  End  Cost  is  the  grand  total  as  shown 
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FIGURE  D.6A 
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on  Figure  D.6a.  If  is  modified  as  needed  by  the  estimator  to  include 
other  charges  or  to  exclude  non-applicable  items  as  circumstances 
may  dictate. 


The  methodology  of  SEA  01  G in  estimating  numerous  factors 
not  included  in  the  basic  contract  estimate  or  project  order,  (IDENT. 
No.  211  on  Figure  D.6a)  was  reviewed  and  is  briefly  noted  below; 


Identification  No.  Ill . Construction  Plans  — Cost 
Data  is  developed  from  similar  ships.  This  includes 
costs,  numbers  of  drawings,  etc.  which  are  projected 
by  the  estimator's  judgment  for  current  application. 

Identification  No.  113.  Construction  Plans  Change 
Orders  — A percentage  of  ID.  No.  1 1 1 is  applied 
for  costs  expected  in  outyears  of  the  program. 

Identification  No.  121.  Contract  Plans  and  Work 
Study  — Costs  are  no  longer  included  against  ships, 
but  are  covered  by  Research,  Development,  Test, 
and  Evaluation  (RDT&E)  funds. 

Identification  No.  533.  Stock  Spares  — Lists  are 
provided  by  NAVSEC,  PARMS,  or  other  commands. 
Historical  data  and  judgment  are  used  to  price  out 
the  furnished  lists. 

Identification  No.  311.  Basic  Change  Orders  -- 
Estimates  vary  by  type  of  ship  and  are  based  on 
historical  data.  On  lead  submarines  16  percent  of 
basic  cost  may  be  used  (8  percent  for  hard  core  work 
plus  8 percent  for  growth).  On  lead  surface  ships, 

12  percent  may  be  used  (8  percent  for  hard  core  and 
4 percent  for  growth).  Following  ships  at  the  same 
yard,  or  at  other  yards,  will  receive  different  reduced 
percentages. 
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Identification  No.  541.  Testing  and  Instrumenta- 
tion — The  cost  is  difficult  to  forecast  from  historical 
data,  which  is  used  as  a base,  as  problems  and  pro- 
gress of  T.  and  I.  vary  from  ship  to  ship  in  the  same 
class.  The  estimator's  judgment  is  used  heavily  to 
establish  an  estimate  based  on  type  of  ship,  the  ship- 
yard, etc. 

Identification  No.  1111.  Future  Characteristics 
Changes  — The  amount  to  use  in  the  estimate  is 
furnished  by  the  Chief,  Naval  Operations.  It  may 
be  "zero"  to  $10  million  on  a complex  ship. 


Other  considerations  in  an  estimate  may  cover  models  and 
mock-ups,  inspection  services,  post  delivery  charges,  etc.  The 
estimating  routing  is  similar  to  that  described  for  the  preceding  items: 
obtain  data  from  another  organization,  or  the  SEA  01  G data  bank, 
and  modify  it  with  judgment  for  current  use. 


Margins  for  various  items  may  also  be  required  to  compensate 
for  incompleteness  of  data,  high  risks,  possible  construction  delays, 
changes  and  other  factors  known  by  experience  which  affect  estimates 
adversely. 

Although  end  cost  ship  estimates  are  the  most  important  re- 
quirement of  the  Cost  Estimating  Branch,another  level  of  require- 
ments exists.  The  Branch  does  ship  estimating  for  several  other 


purposes: 


Escalation  estimates  for  all  ship  programs  under  contract  are 
computed  and  projected  quarterly  to  provide  input  for  the 
single  iine  item  recently  established  in  Congressional 
budgets. 

Profit  estimates  are  made  per  applicable  ASPR  for  each 
contract. 

Manhour  estimates  are  prepared  for  ship  conversions  at 
Naval  Shipyards. 

Special  estimates  for  trade-off  analysis  and  studies  are  pre- 
pared in  considerable  numbers  for  ship  components,  weapons, 
and  electronics  for  various  SHAPMs  and  PARMs. 

Ship  Disposal  estimates  are  made  for  surplus  or  obsolete 
vessels  for  the  Naval  Board  of  Inspection  and  Survey. 
(INSURV) 

Design  to  Cost  Estimates.  The  Branch  must  estimate  a ship  with 
a variety  of  alternative  characteristics  to  develop  a cost,  not 
to  exceed  a given  dollar  value.  (Only  one  estimate  has  been 
required  to  date.) 

Should  Cost  Study.  In  cooperation  with  the  DCAA  at  a given 
shipyard,  the  branch  must  make  a detailed  review  and 
evaluation  of  the  yard's  operation  in  order  to  determine  a 
reasonable  cost  of  a ship  or  component  to  be  built.  (This  has 
not  been  required  to  date.) 

Life  Cycle  Costs.  The  total  cost  of  acquisition  and  ownership 
of  a ship  over  its  life  span  must  be  developed. 


In  recent  years  these  tasks  have  been  added  to  the  Branch  workload  and 
there  are  several  others  being  considered,  as  the  Branch  is  a magnet 
for  any  project  involving  shipbuilding  costs. 
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(4)  Estimates  Prepored  by  the  Ship  Cost  Estimating  Branch  Are 
Classified  as  to  the  Level  of  Confidence  Which  Should  be 
Placed  in  the  Estimate 


The  amount  of  information  available  when  an  estimate  is  pre- 
pared obviously  affects  the  quality  of  the  estimate.  OPNAVINST 
7720.2  prescribes  a standard  method  for  classifying  estimates  so  that 
those  who  use  them  will  know  how  much  reliance  to  put  in  them. 
These  classes  (A  through  F and  X)  are  as  follows: 


A - Detailed  Cost  Estimate  (Post  Budget-Contract  Estimates)  - 
estimate  based  on  contract  plans  and  evaluation  of  firm 
quotations  for  major  material  items. 

B - Bid  Evaluation  Cost  Estimate  (Post  Budget  - Contract 
Estimates)  - estimates  based  on  contract  plans  and  evaluation 
of  contractor  proposals  in  response  to  an  RFP. 

C - Budget  Quality  Estimate  - estimate  based  on  an  engin- 
eering analysis  of  detailed  characteristics  of  items  under 
consideration. 

D - Feasibility  Estimate  - estimate  based  on  technical  feasi- 
bility studies  and/or  extrapolated  from  higher  quality 
estimates  of  similar  items. 

E - Computer  Estimate  - estimate  developed  usually  by  a 
computer  model  and  based  on  cost  estimating  relationships 
and  gross  parameters, 

F - Ball  Park  Estimate  - quick  cost  estimates  prepared  in 
absence  of  minimum  design  and  cost  information  and  based 
on  gross  parameters. 

X - Directed  or  Modified  Cost  Estimate  - estimate  not  devel- 
oped by  SYSCOMS  through  normal  cost  estimating  processes. 
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According  to  this  classification  system,  estimates  for  ships 
without  approved  requirement  or  specifications  (Top  Level  Require- 
ments - TLR,  or  Top  Level  Specifications  - TLS)  will  be  class  D,  E, 
or  F.  Budget  estimates  are  intended  to  be  class  "C"  and  a contract 
estimate  should  be  class  "B." 

The  review  of  a number  of  "C"  class  estimates  prepared  by 
01  G suggests  that  a more  in-depth  review  should  be  made  to  deter- 
mine whether  estimates  labeled  "C"  are,  in  fact,  "C"  quality,  (i.e., 
estimate  based  on  an  engineering  analysis  of  detailed  characteristics 
of  item  under  consideration).  The  definition  of  engineering  analysis 
of  detailed  characteristics  as  generally  interpreted  by  the  private 
shipbuilding  industry  and  other  government  agencies  involved  in 
major  ship  acquisition  would  include  the  following  as  a minimum: 

. Preliminary  Design  (by  Navy  definition) 

. Weight  estimates  in  three  digit  breakdown  for  each 

ship  system 

. A complete  equipment  list  for  all  components  with  a 

value  of  $10,000  to  $25,000  (depending  on  ship  type) 
and  over 

. In  addition,  because  of  a consistent  record  of  naval 

program  slippages,  a capacity  analysis  of  the  industry  should 
be  made  to  establish  realistic  contract  award  dates  and 
building  periods. 
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The  estimates  thus  far  reviewed  in  SEA  01  G are  not  prepared 
in  this  detail.  In  recognition  of  the  present  conditions  under  which 
estimates  are  made,  if  all  estimates  requiring  "C"  classification  were 
done  in  this  detail,  the  estimating  organization  would  have  to  be 
much  larger  and  more  time  would  have  to  be  allowed  to  make  them. 

(5)  Techniques  for  Preparing  Cost  Estimates  for  the  Various 
Necessary  Purposes  Differ 


In  Chapter  II,  the  general  requirements  for  estimates  to  sup- 
port conceptual  studies,  programming  and  budgeting,  and  contracting 
were  discussed.  In  this  section  the  techniques  used  to  develop 
estimates  for  these  three  purposes  are  described. 

. Concept  Estimates  ~ Estimates  in  the  conceptual  stage  are 

based  on  very  limited  technical  data  which  is  generally 
provided  by  NAVSEC  and  the  Project  Manager.  The  tech- 
nical data  usually  gives  type,  size,  power,  armament  and 
some  weight  data.  To  develop  these  estimates,  the  estimator 
must  draw  upon  cost  data  he  may  have  developed  on  some- 
thing similar,  on  his  experience,  and  guidance  received 
from  cost  analysis  in  his  Division. 

Due  to  scarcity  of  technical  data  available,  the 
estimator  is  limited  to  two  techniques  - analogous  and/or 
parametric.  The  analogous  technique  would  be  used  if  the 
whole  or  major  portion  of  the  ship  is  similar  to  one  built 
previously  or  under  construction  where  cost  or  bid  data  are 
available.  These  costs  are  adjusted  to  ship  or  component 
size  difference  and  to  time.  If  the  estimator  is  fortunate  to 
receive  weight  data  in  the  nine  group  breakdown  he  can  use  the 
parametric  technique  which  involves  no  more  than  multiplying 
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the  weights  by  the  appropriate  direct  man-hours  per  ton  for 
labor  and  dollars  per  ton  for  material.  The  concern  here  is 
first  the  accuracy  of  the  weights,  and  second,  development 
of  the  appropriate  labor  man-hour  and  material  dollar 
factors.  After  the  basic  direct  costs  have  been  developed, 
the  estimator  must  estimate  the  cost  of  engineering,  decide 
upon  a labor  rate,  overhead  rate,  profit  margin  and  an 
amount  for  escalation  during  construction.  Guidance  is  pro- 
vided by  the  Cost  Analysis  Branch  of  01  G on  such  elements 
as  inflation,  overhead,  labor  rate,  escalation,  productivity 
trends  and  market  conditions.  With  these  additional  factors 
determined,  the  basic  ship  cost  is  deduced.  For  the  total 
end  cost  the  estimator  must  add  on  the  cost  of  electronics 
developed  by  NAVELEX  and  weapons  from  the  appropriate 
program  managers.  If  the  ship  is  nuclear  powered,  nuclear 
component  estimates  will  be  provided  by  Code  08  (Nuclear 
Power  Directorate). 

This  is  one  of  the  most  difficult  estimating  assignments 
because  of  the  newness  of  the  concept  and  lack  of  specific 
product  definition.  The  estimates  are  most  important, 
however,  because  they  are  used  in  trade-off  studies  which 
have  considerable  bearing  on  the  selection  of  new  ship 
concepts  and  designs.  Code  01  G 1 1 does  not  keep  records 
on  the  time  spent  on  each  estimate  or  project,  but  from  staff 
interviews  it  is  judged  that  during  the  last  12  months  no  more 
than  10%  of  the  estimating  effort  went  into  conceptual  ship 
estimates. 


Budget  and  Programming  Estimates  — The  estimates  prepared 
for  the  Budget  and  the  POM  are  treated  by  01  G as  a con- 
tinuing process.  In  the  normal  course  of  events,  a new  ship 
that  has  received  CNO  approval  will  appear  in  one  of  the 
"out"  years  in  the  FYDP.  For  example,  in  the  1978-1983 
FYDP  the  new  ship  may  be  shown  for  the  1983  program.  At 
this  time,  the  estimated  cost  may  be  no  more  than  an  update 
of  a previous  estimate  made  during  the  planning  stage,  taking 
into  account  the  program  year,  number  of  ships  each  year  and 
upgraded  technical  data. 
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If  a ship  survives  the  selection  process  which  reflects 
the  influence  of  politics,  fiscal  constraints,  threat  changes 
and  command  preferences,  it  may  ultimately  be  a candidate 
for  the  1983  budget  year.  By  this  point,  the  estimate  will 
have  been  refined,  upgraded  and  looked  at  4 or  5 times. 

The  ship  should  have  approved  TLR  and  TLS  along  with  an 
adequate  weight  breakdown.  This  should  be  sufficient  to 
prepare  a class  "C"  budget  estimate. 

The  preparation  of  budget  estimates  for  new  designs 
that  have  never  been  built  before  will  follow  the  same  pro- 
cess as  those  prepared  in  the  developmental  stage  except  the 
technical  data  is  better  defined.  In  the  majority  of  cases 
the  ships  in  any  one  budget  year  are  repeats  of  ships  in  a 
continuing  program  such  as  DD  963  destroyers,  SSN  attack 
submarines,  or  an  aircraft  carrier. 

The  estimate  for  these  cases  depends  heavily  on 
contractor  bid  data  from  previous  contracts.  From  this  bid 
data  man-hours  per  ton  and  dollar  per  ton  rates  will  be 
developed  for  each  of  7 weight  groups.  These  rates  are  then 
applied  to  the  most  recent  corresponding  weight  estimate 
prepared  by  NAVSEC.  The  current  weight  estimate  should 
include  all  changes  made  in  the  ship  class  and  reflect  modi- 
fications required  for  new  weapon,  electronic  and  other 
suits.  The  results  obtained  by  applying  the  labor  man-hour 
and  material  rates  to  these  weights  are  then  multiplied  by 
an  appropriate  labor  rate  in  $/hr.  and  the  material  cost 
inflated  to  the  program  year  level.  To  the  product  of  the 
labor  calculation,  overhead  and  profit  are  added  which 
result  in  the  basic  ship  cost. 

The  budget  estimate,  along  with  a statement  of 
assumptions  and  qualifications,  is  then  sent  to  the  SHAPM 
where  the  appropriate  budget  documents  are  prepared. 

As  the  budget  proceeds  through  the  review  process,  SEA  01 G 
will  be  called  upon  to  make  adjustments  to  their  estimate, 
taking  into  account  changes  in  the  number  of  ships  or  even 
the  insertion  of  new  ships.  From  the  command  history 
covering  SEA  01  G activities,  estimates  were  required  for  the 
POM/Budget  cycle  in  1976  for  13  programs  involving  115 
ships  at  a cost  of  $27  billion. 
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Contract  Estimates  — Estimates  in  support  of  contracting 
activities  are  prepared  for  the  contracting  officer  so  that  he 
may  judge  the  reasonableness  of  proposals  and  bids  received 
from  the  shipbuilders. 

At  this  time,  much  more  is  known  about  the  ship  since 
bidding  plans  and  specifications  have  been  prepared.  The 
data  is  sufficient  for  the  shipbuilder  to  request  quotations  for 
equipment  and  services,  and  prepare  a detailed  estimate  for 
shipyard  work. 

To  prepare  the  contract  estimate,  SEA  01  G still  uses 
the  9 group  breakdown  supplemented  by  equipment  quotation. 

If  available,  SEA  01  G will  use  return  cost  or  audit  cost 
returns  on  previous  sister  ships.  These  estimates  are  not  in 
great  detail  and  probably  would  not  take  more  than  a couple 
of  days  for  an  experienced  estimator  to  prepare. 

In  distinction  from  the  Independent  Government  Cost 
Estimate,  the  Government  Contract  Negotiation  Objective 
is  not  an  estimate  so  much  as  it  is  the  government's  alterna- 
tive position  to  a company  estimate.  This  is  not  to  say  that 
the  government  analyst  will  not  benefit  from  knowledge  and 
use  of  sound  estimating  techniques.  However,  the  major 
effort  is  analysis  of  the  company's  techniques,  using  technical, 
audit  and  other  evaluation  methods.  It  is  the  one  area  where 
engineering  estimating  techniques  should  be  used,  particu- 
larly in  the  case  of  follow-on  procurement  where  the  price 
is  based  on  the  costs  of  a previous  production  run.  The 
development  of  the  negotiation  objective  is  a part  of  the 
contract  pricing  process  and  the  techniques  are  described  in 
detail  in  the  ASPR  and  in  the  Manual  for  Contract  Pricing 
(AS PM  No.  1). 

The  Deputy  Commander  for  Contracts,  SEA-02,  is  in 
charge  of  all  contracting  activities  of  the  Naval  Sea  System 
Command.  The  Shipbuilding  and  Overhaul  Purchase  Division, 
SEA-022,  specializes  in  negotiating  and  writing  ship  con- 
struction contracts,  and  in  this  capacity  has  a varying  degree 
of  contact  with  SEA  01  G during  several  phases  of  the  pro- 
curement process. 
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Return  costs  ore  supplied  by  shipyards  on  some 
contract  agreements  or  by  DCAA  at  shipyards  direct  to 
SHAPMS.  They  are  sometimes  available  to  SEA  01  G for  its 
estimating  tasks,  and  SEA  01  G would  like  to  have  all  data 
that  is  available.  At  present,  SEA  01  G is  not  staffed  suf- 
ficiently to  analyze  too  many  total  accounts  of  this  nature; 
but  could  scan  them  for  a few  principal  material  and  labor 
costs  to  augment  its  data  bank  in  weak  areas. 

The  most  useful  direct  role  SEA  01  G plays  for  contract  nego- 
tiators is  to  furnish  to  them  a contract  cost  estimate  immediately 
before  bid  opening.  As  described  previously,  this  is  the  most  accurate 
estimate  possible  because  of  the  availability  of  contract  plans  and 
specifications.  It  is  prepared  in  the  standard  nine  group  breakdown 
form,  Figure  D.7,  which  also  is  used  by  the  shipyards  to  summarize 
their  bids.  After  bid  opening,  negotiators  can  compare  the  nine 
line  items  broadly  for  material,  labor,  overhead  and  profit  and  seek 
clarification  where  needed. 

A detailed  Technical  Analysis  Review  (TAR)  is  also  required 
as  a pre-negotiation  activity,  unless  adequate  competitive  bids  are 
received.  The  TAR  is  conducted  by  a government  team  to  evaluate 
material  quantities  and  man-hours  in  the  bid  backup,  which  supports 
the  nine  group  breakdown.  Findings  and  recommendations  are  re- 
ported to  the  contract  negotiator.  Representatives  of  SEA  01  G serve 
on  this  team  to  furnish  supporting  cost  and  production  data,  and  to 
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act  as  liaison  between  Navy  and  DCAA  team  members. 


(6)  Various  Problems  Are  Apparent  In  The  Ship  Estimating  Branch 


The  review  disclosed  a variety  of  problems  in  the  Ship  Esti- 
mating Branch  which  do  affect  the  attitude  of  the  personnel  and,  in 
some  cases,  must  affect  the  quality  of  the  products. 


. A major  concern  of  the  supervisors  is  the  shortage  of  experi- 

enced and  qualified  staff.  This  includes  a lack  of  depth 
which  requires  supervisors  to  be  more  worker  than  supervisor. 
Currently  this  shortage  is  illustrated  by  the  fact  that  the 
estimator  during  the  FFG  program  took  a job  with  the  FFG 
SHAPM  and  took  the  estimating  function  with  him.  As 
another  illustration,  the  position  of  Head  of  the  Estimating 
Branch  has  been  vacant  since  1972,*which  places  undue 
pressure  on  the  Director  of  the  Division  and  Section  Super- 
visors. Loss  of  objective  reviewing  by  a Branch  Head  is  a 
serious  disadvantage  in  a Branch  where  lack  of  time  and 
depth  exist. 

. Poor  product  definition  is  a major  concern.  Estimators  feel 

they  are  being  required  to  produce  budget  quality  estimates 
with  incomplete  or  unapproved  characteristics.  An  inade- 
quate estimate  is  produced  and,  because  of  unexpected  and 
untimely  changes  in  programs,  may  be  used  for  budget  pur- 
poses. Once  the  estimate  is  locked  in,  SEA  01  G is  at  a 
disadvantage  to  refine  it  as  more  or  firm  characteristics 
become  available.  A worse  problem  develops  when  a quick 
estimate  is  requested  for  an  unprogrammed  ship,  with  mini- 
scule definition,  and,  because  of  exigencies,  gets  into  a 
current  program  and  a budget. 

. A procedure  is  lacking  for  getting  detailed  bid  data  and 

returned  costs  in  a form  to  be  used  in  developing  future 
estimates.  An  inherent  problem  with  bid  data  is  that 

* Position  filled  June  1977  by  promotion  without  an  increase  in  staff. 
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back-up  details  are  not  required  by  ASPR  to  be  provided  on 
ship  contracts  far  which  there  is  sufficient  competition. 

On  some  sole  source  procurement  Contract  Negotiators  in 
SEA  02  do  not  obtain  the  required  bid  data.  Both  factors 
result  in  unavailability  of  current  data  required  by  SEA  01  G 
for  best  estimating. 

Most  bid  data,  when  available,  is  in  the  shipyards'  forms, 
and  requires  detailed  analyses  and  conversion  into  SEA  OlG's 
format.  There  is  na  personnel  available  for  this  large  task. 
Returned  costs  also  are  submitted  by  shipyards'  accounting 
systems  and  are  not  timely.  The  following  Table  D.7  reveals 
that  the  shortest  interval  between  a budget  estimate  for  a 
ship  and  the  returned  cost  is  three  years,  and  it  can  be  as 
long  as  nine  years. 


1 . Of  particular  interest  on  this  point  is  that  the  Merchant  Marine  Act 
of  1936  (administered  by  Maritime  Administration,  Department  of 
Commerce)  and  all  amendments  require  that  detailed  bid  back-up 
data  be  given  to  the  government  on  all  competitive  bids  prior  to 
contract  award. 
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TABLE  D.7 


DELIVERY  SCHEDULE  FOR  SHIPS  IN  PROGRAM  YEARS  1972  - 1976 


■Number  of  Ships  to  be  Delivered 

Program  Estimated 

Year  In  1976  1977  1978  1979  1980  1981  1982  1983 


1972-73 

1970-71 

2 

6 

7 

5 

3 

- 

- 

- 

1974 

1972 

- 

- 

6 

2 

2 

4 

- 

- 

1975 

1973 

- 

1 

1 

7 

11 

1 

1 

- 

1976 

1974 

2 

8 

3 

8 

4 

1 

1 

Source:  Financial  Status  Report  as  of  September  1976.  NAVSEACOM. 


Some  other  system  is  urgently  required  for  provision 
of  returned  costs.  Periodic  visits  by  SEA  01  G personnel  to 
DCAA  offices  or  periodic  transmittal  of  interim  DCAA  reports 
would  be  very  helpful;  but  only  more  personnel  could  do  a 
proper  job. 

Many  of  the  staff  are  concerned  about  command  recognition. 
This  feeling  comes  about  because  SEA  01  G is  a service 
organization  to  all  SHAPMS  with  whom  they  deal  on  a daily 
basis  and  upon  whom  they  are  dependent  for  certain  costs  and 
technical  data.  The  estimator  in  providing  his  service  very 
often  receives  SHAPM  pressure  to  take  margins  out  of  his 
estimate,  even  though  almost  all  estimates  on  the  basis  of 
preliminary  data  have  been  low. 

All  were  of  the  opinion  they  did  not  have  time  to  do  as  good 
a job  as  they  were  capable.  They  are  encouraged  to  adopt 
the  "can  do"  approach  as  a means  of  accomplishing  the  re- 
quirements. Their  deadlines  for  budget  estimates  must  be 
met;  however,  the  POM  or  prices  for  weapons  and  electronics 
have  been  sometimes  late  in  arriving. 
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Supervisors  work  on  estimates  to  respond  on  time,  thereby 
destroying  same  of  the  necessary  objectivity  to  review  them  properly. 
Sometimes  the  deadline  is  shortened  to  cause  a further  pressure  on 
time.  Many  requests  for  estimates  other  than  budget  types  are 
received  officially  and  many  more  by  telephone  far  quick  answers. 
Interruptions  for  key  personnel  are  a normal  occurrence,  as  wit- 
nessed by  first  hand  observation  on  numerous  visits  to  the  Division. 


The  workload  is  increasing.  In  November,  1972,  the  SEA 
01  G was  reorganized  with  expanded  responsibilities.  In 
1972,  budget  estimates  were  required  for  21  separate  designs 
consisting  of  166  ships  at  a cost  of  $18  billion.  This  output 
was  considerably  higher  than  the  previous  year's.  In  1976, 
the  workload  had  grown  to  31  separate  designs  for  180  ships 
which  were  estimated  at  a cost  of  $43  billion.  Additionally, 
many  nonbudgetary  estimates  have  been  made  and  their 
numbers  are  increasing.  Many  economic  analysis  functions, 
which  will  be  described  later,  have  been  added  progress- 
ively. Estimates  for  the  following  items  are  more  recent 
additions  to  the  workload: 

- Metrication 

- Pollution  abatement 

- Occupational  Safety  and  Health  Act  (OSHA) 

Equal  Employment  Opportunity  Act  (EEO) 

Energy  pass-through  costs 

- Survivability  of  weapons 

Techniques  for  making  estimates  for  these  items  are 
under  development  as  information  is  received. 
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Growth  of  duties  further  taxes  the  time  of  estimators.  Recent 
personnel  changes  consisted  of  younger  people  without  pre- 
vious experience  replacing  experienced  departing  personnel, 
which  added  to  pressures  on  key  personnel.  The  employment 
practices  are  now  requiring  that  SEA  01  G take  into  their 
training  program  some  personnel  unsuited  for  the  work.  Also 
the  grade  structure  is  such  that  they  are  losing  good  people. 
This  will  be  illustrated  later  by  a graph  which  was  developed 
from  personnel  records  in  01  G.  Anticipated  changes  in  1977 
indicate  a continued  downward  trend  of  grade  structure.  The 
grade  structure  is  not  conducive  to  retain  a staff  which  has 
91%  college  trained  people,  many  with  advanced  degrees. 

Estimators  have  expressed  concern  that  they  very  rarely  see  a 
ship  or  visit  a shipyard.  An  audit  of  current  personnel  in 
SEA  01  G revealed  that  only  three  estimators  out  of  1 3 had 
significant  shipyard  experience.  Among  the  analysts  only 
two  out  of  eight  had  very  brief  tours  of  duty  in  naval  ship- 
yards. Some  personnel  in  both  branches  had  a mix  of 
other  construction  experience  or  shipboard  service,  but 
overall  the  staff  has  not  had  and  is  not  getting  sufficient 
exposure  to  the  work  it  analyzes  and  estimates.  Practical 
observation  is  considered  a necessary  background  for  appreci- 
ating and  applying  available  data  and  analyzing  detailed 
bids  and  returned  costs. 

Estimators  are  restricted  from  best  judgment  on  some  factors 
by  regulations  and  policies. 


Despite  a long  and  convincing  record  of  delays  in 
ship  deliveries  estimators  must  restrict  their  com- 
putations to  the  predetermined  contract  construction 
period.  They  cannot  add  sufficient  margins  for 
escalation,  labor  rates,  etc.  to  cover  expected 
increases  attributable  to  longer  building  periods. 

They  must  provide  reductions  in  material  and  labor 
estimates  for  learning  on  multiple  ship  contracts 
although  no  basis  for  such  reductions  may  exist  at 
the  time. 


No  provisions  for  contingencies,  other  than  cost 
growth  for  change  orders,  are  permitted  in  an  estim- 
ate. Recent  contract  history  indicates  that  it  would 
be  prudent  to  do  so. 

- There  is  a pressure  from  higher  levels  to  reduce 

margins  for  elements  of  cost  growth.  Estimators  feel 
that  margins  should  reflect  experience,  which  shows 
that  "estimates  are  always  too  low  and  real  costs  are 
always  too  high . " 

The  data  bank  for  weapons  and  electronics  is  poor.  When 
the  estimating  section  for  combat  equipment  was  organized 
in  1974,  there  was  no  data  bank.  It  is  slowly  being  built  up 
from  annual  lists  provided  by  other  commands,  but  these  lists 
do  not  provide  details  necessary  for  confident  estimating. 
Eventually,  parameters  should  be  computerized  to  make  all 
data  available  for  estimating  purposes. 

The  data  bank  for  ships  needs  upgrading. 


In  1972,  a new  ship  work  breakdown  (SWBS)  was 
established.  Conversion  of  past  data  for  this  system 
is  done  by  computer  only  upon  request  of  estimators. 
As  this  is  time  consuming  and  may  come  in  an  in- 
convenient period,  conversion  of  data  at  least  for 
the  most  costly  types  of  vessels  should  be  done  to 
have  it  available  for  future  use. 

Old  bid  summaries  and  cost  reports  are  on  microfilm, 
but  current  data  are  not.  The  record  is  at  a level  of 
85%  and  should  be  completed  to  promote  quick 
retrieval  of  more  valuable  recent  data.  Computer 
programs  for  economic  data  such  as  inflation  and 
escalation,  and  financial  data  for  overhead  and 
profit,  etc.  are  at  various  stages  of  completion.  The 
most  important  ones  should  be  finished  and  kept 
updated  to  promote  accuracy  for  estimators  on  a 
current  basis.  The  estimators  seem  to  be  bothered  by 
an  inability  to  get  some  data  and  that  they  must  go 
dig  out  the  data  themselves  rather  than  be  supplied 
it  by  certain  sources. 
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- A computer  program  for  centralizing  estimating  para- 
meters data  should  be  established  for  principal  cate- 
gories of  hull  and  machinery  costs  by  type  of  ship,  to 
make  total  data  available  promptly. 

- Records  of  the  division  should  be  completely  listed 
and  indexed  for  information  and  location.  Each 
section  possesses  material  such  as  directives,  texts, 
reports,  etc.  in  cabinets;  and  individuals  have  similar 
information  plus  personal  files.  Every  member  of  the 
staff,  especially  newcomers,  should  be  aware  of  the 
total  library  and  data  bank  to  facilitate  work  and 
save  time. 

Other  problems  were  reported  by  the  staff  during  desk  inter- 
views and  are  noted  here  for  information: 


- Too  many  diverse  functions 

- No  feedback  on  estimates 

- Insufficient  data  on  GFM 

- Working  to  a predetermined  cost  target 

- Keep  price  low 

- Poor  product  definition 

- Not  enough  returned  costs 

- Need  priced  purchase  orders 

- Constraints  on  hiring 

- Discipline  on  cost  inputs  is  not  enforced 

- Need  three  digit  cost  breakdowns 

In  summary,  the  most  frequent  complaints  related  to  insuffi- 
cient time  to  do  or  revise  work  and  to  insufficient  data  as  to 
quantity  and  format. 
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THE  COST  ANALYSIS  BRANCH  (SEA  01 G2)  PROVIDES  THE 
DIRECT  ANALYTICAL  SUPPORT  TO  SHIP  COST  ESTIMATORS 


The  Cost  Analysis  Branch  of  SEA  01  G was  established  formally  in 
1969  to  provide  direction  to  the  cost  estimators  by  providing  in-depth  anal- 
ysis and  guidelines  of  specialized  cost  elements.  There  was  no  organized 
effort  to  contribute  information  into  a comprehensive  compilation  of  stan- 
dardized form.  In  the  absence  of  a uniform  data  guidance  system,  users 
interpreted  available  records  per  their  own  judgment.  The  SCN  Pricing  and 
Cost  Control  Study  of  June  1969  made  a recommendation  that  the  cost  analysis 
capability  be  increased  to  improve  estimates  because  of  this  obvious  defect 
in  the  observed  system. 

An  initial  staff  of  four  analysts  was  created  and  assigned  to  collect 
pertinent  information  within  Navy,  from  shipbuilders,  equipment  manufac- 
turers, other  government  agencies,  trade  journals,  business  analysts,  etc., 
in  a defined  systematic  manner.  Coverage  of  these  sources  expanded  con- 
tinuously as  the  staff  increased  to  thirteen  analysts  in  1970.  Cutbacks  to 
accommodate  personnel  policies  reduced  the  staff  to  nine  by  1976,  and  the 
Branch  is  not  functioning  at  full  potential. 

Early  in  1976  an  econometric  service  was  obtained,  as  an  additional 
guide  to  the  Cost  Analysis  Branch  for  its  economic  analyses  and  projections 
for  materials. 
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On  an  annual  basis  the  Cost  Analysis  Branch  provides  the 
following  in-depth  analysis  guidelines  to  the  Cost  Estimating  Branch  for  use 
in  preparation  of  cost  estimates. 


Material  inflation  trends 

Labor  rates  and  inflation  trends  at  commercial  shipyards 

Labor  rates  at  Naval  shipyards 

Material  escalation  during  life  of  contract 

Quick  estimate  of  escalation 

Small  boat  escalation 

Overhead  rate  trends  at  commercial  and  Naval  shipyards 

Productivity  trends 

Market  analysis  (probable  bidders) 

Profit  trends 

Costs  of  social  legislation 
Costs  of  Metrication 
Pollution  abatement 
Out-year  guidelines 


Most  major  subjects  listed  above  were  examined  through  personnel  interviews, 
inspection  of  resources  used,  and  studies  of  outputs.  Observations  will  be 
made  subsequently. 


The  Cost  Analysis  Branch  also  has  a variety  of  functions  and  tasks, 

which  do  not  fall  into  annual  cycle  patterns.  Some  of  these,  which  are 

discussed  subsequently  in  greater  detail,  are: 

. Economic  Forecasting 

. Economic  Analysis 

. Life-cycle  cost  studies 

. Design  to  cost  studies 

. Should  cost  studies 

. Technical  Analysis  Review  (TAR) 
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. Instruction  at  seminars  and  courses 

. Participation  in  intra-governmental  studies  of  indices 

. Analysis  of  cost  studies  by  other  agencies 

(1)  Material  Inflation  (Basic  Construction  Cost) 

Material  inflation  is  the  upward  movement  of  commodity 
prices  in  the  economy.  It  is  an  essential  consideration  for  estimating 
current  or  future  material  costs  from  historical  data.  There  was  no 
uniform  guidance  provided  prior  to  1969,  and  estimators  used  judg- 
ment on  available  information  in  existing  central  or  personal  files. 

In  1970-71,  brief  material  guidance  based  on  Bureau  of 
Labor  Statistics  (BL5)  data  was  included  in  an  expanding  package  of 
guidance  information. 

The  mix  of  materials  used  in  these  BLS  indices  is  not  repre- 
sentative of  naval  shipbuilding  materials.  It  consists  of  the  following 
and  was  inadequate  for  the  purpose  of  accurately  predicting  inflation: 
WPI-10-1  iron  and  steel  — 45  percent;  WPI-1 1-7  electrical  ma- 
chinery — 15  percent.  The  formula  was  developed  by  the  Maritime 
Administration  in  the  1950's  for  commercial  vessels  and  is  still  used 
for  computing  contract  escalation  for  naval  vessels  primarily  because 
it  is  accepted  by  the  shipbuilder. 


D-58 


The  Office  of  Secretary  of  Defense,  Comptroller  OSD(C)  has 
recognized  that  the  usual  commercial  price  indices  do  not  always 
apply  to  defense  contracts.  The  OSD(C)  contracted  with  the  Bureau 
of  Economic  Analysis  (BEA)  to  develop  price  deflators  for  the  purchase 
of  military  equipment.  The  results  of  this  study  are  to  be  submitted 
in  November  1977  and  is  formally  titled  "Defense  Price  Index  Project." 

NAVSEA  01  G worked  with  the  BEA  in  developing  a method- 
ology to  improve  price  measurement  of  shipbuilding  and  specifically 
initiated  a "notional"  ship  concept.  Under  the  notional  ship  approach 
BEA  is  developing  a completely  new  material  index  based  on  inputs 
from  marine  vendors,  wholesale  price  indices  and  other  price  lists 
for  generic  materials  commonly  used  in  shipbuilding.  The  "notional" 
approach  yields  the  most  accuracy  since  no  subjective  cost  adjust- 
ments are  made  for  quality  changes.  The  specifications  remain  un- 
changed, thus  the  same  "quality"  ship  is  estimated  annually.  It  is 
anticipated  that  this  approach  will  provide  the  shipbuilding  industry 
and  the  government  with  a more  realistic  index  than  the  one  now 
being  used. 

In  1972,  the  Cost  Analysis  Branch  abandoned  the  inadequate 
BLS  data  system  and  began  to  formulate  its  own  index  for  predicting 
inflation  using  several  separate  groupings:  hull  steel,  propulsion 
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machinery,  electrical  power  equipment,  electrical  wire  and  cable, 
auxiliary  systems,  command  and  surveillance  systems,  and  outfit  and 
furnishings.  (The  grouping  was  derived  from  a relatively  new  Ship 
Work  Breakdown  System.)  Starting  with  no  data  bank,  it  obtained 
data  from  12  vendors  in  1974  and  added  some  general  market  infor- 
mation for  use  of  the  estimators.  By  1976,  material  inputs  were 
greatly  expanded  covering  data  from  ten  shipyards  and  146  vendors. 
Many  more  requests  were  made  of  other  vendors,  but  they  were 
ignored.  Industrial  publications,  such  as  "Iron  Age,"  and  manu- 
facturers' catalogs  are  used  to  verify  data  on  hand  or  to  obtain  data 
not  available  elsewhere.  Additional  sources  include  in-house  con- 
tract estimates  and  change  order  estimates.  More  data  is  desirable 
but  it  is  difficult,  if  not  impossible,  to  obtain  from  some  segments 
of  industry. 

The  latest  completed  material  guidance  was  applied  on  ships 
in  the  FY  1978  program.  For  analysis  of  past  material  estimates,  it 
was  adjusted  back  to  1965  as  the  base  year  for  escalation  indices  by 
inputs  of  actual  costs.  This  exercise  provided  a corrected  trend  line 
for  projection  into  the  future.  For  general  reference,  movements  of 
the  former  BLS  material  index  are  given  for  the  entire  period. 
Additionally,  many  examples  of  unit  costs  are  furnished  in  narrative 
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form  to  give  estimators  specific  data  upon  which  they  may  exercise 
their  judgment. 

Figure  D.8  shows  the  difference  between  the  overall  com- 
posite BLS  index  for  commercial  materials  and  NAVSEA's  shipbuilding 
material  index  described  above.  Usage  of  the  upgraded  index  tailored 
for  naval  shipbuilding  materials  will  result  in  more  accurate  material 
cost  estimates.  It  is  apparent  that  past  reliance  on  the  BLS  index 
resulted  in  insufficient  cost  adjustments  to  estimates  on  ships  now 
under  construction. 

In  a relatively  short  period  of  time  the  Branch  produced 
superior  material  inflation  guidance,  which  is  issued  on  an  annual 
basis.  When  conditions  warrant,  supplements  are  issued  during  the 
year  on  pertinent  matters.  Efforts  to  improve  the  guidance  continue. 
The  Branch  requires  more  responses  from  industry.  Priced  purchase 
orders  would  be  especially  helpful.  Additional  data  for  electronics, 
navigation  aids,  etc.  from  Navy  procurement  offices  are  needed.  The 
following  suggestions  relate  to  this  effort. 

. Obtain  an  additional  source  for  prices  of  alloy  steel, 

electrical  cable,  and  main  reduction  gears. 

. Avoid  catalog  prices  and  obtain  octual  quotations  or 

returned  costs  for  main  turbine  propulsion  sets  and 
diesel -genera  ting  sets. 


FIGURE  D.8 

MATERIAL  COST  GROWTH  AND  KEY 
PROGRAM  DATES  FOR  SHIP  CASES 
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FISCAL  YEARS 


Obtain  at  least  one  source  for  main  condensers. 


. Include  non-ferrous  and  stainless  steel  pipe  prices  in 

the  piping  list. 

. Provide  prices  for  a representative  number  of  galley 

and  messing  items. 

In  the  absence  of  routing  industrial  sources  for  the  above  items,  the 
Branch  should  solicit  information  from  Navy  auditors  at  private  and 
its  own  shipyards.  A visit  to  an  on-site  audit  office  for  examination 
of  accounts  could  produce  even  more  missing  or  supplementary  cost 
information  for  improving  the  guidance.  Other  government  agencies 
involved  in  shipbuilding  programs  also  should  be  contacted,  as 
possible  sources  of  current  cost  information,  on  materials  for  which 
data  is  unavailable  routinely. 

Additional  data  collecting  and  its  processing  would  require 
additional  personnel. 

Material  inflation  guidance  output  grew  from  one  page  in 
1970,  to  reorientation  and  emphasis  in  1972,  and  to  18  pages  of 
analysis  in  1976.  The  composition  and  coverage  after  allowance  for 
certain  shortfalls  which  were  previously  mentioned  are  near  an  op- 
timum level  for  requirements  of  estimators.  Computation,  tracking, 
and  forecasting  techniques  are  considered  to  be  proper  and  adequate 
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for  the  results  required  by  estimators,  who  must  still  use  them  with 
judgment  in  their  work. 

(2)  Material  Inflation  - Government  Furnished  Material 

Depending  on  type  of  ship,  the  costs  of  GFM,  primarily  ord- 
nance and  electronics,  vary  between  ten  percent  and  30  percent  of 
total  ship  costs.  Since  these  costs  are  provided  as  inputs  by  other 
offices  and  system  commands,  they  vary  in  the  quality  of  inflation 
factors.  The  Cost  Analysis  Branch  in  the  past  has  not  endeavored  to 
second  guess  their  projections  although  SEA  01 G has  provided  guid- 
ance to  estimators  for  material  inflation  on  these  items. 

Prior  to  1974,  the  Cost  Estimating  and  Analysis  Division  re- 
ceived material  estimates  for  ordnance  and  electronics  items  from 
various  Navy  sources  and  inserted  them  into  line  items  of  estimates 
without  modification.  In  1974,  a Combat  Systems  Cost  Estimating 
Section  SEA  01G13  was  organized  by  transfer  of  three  weapons  and 
electronics  cost  estimators  from  other  system  commands.  This  Section 
validates  inputs,  estimates  alternatives,  etc.  as  described  previ- 
ously. Basic  data  for  its  use  continues  to  be  provided  by  other  Navy 
offices. 


D-64 


As  a result  of  the  significant  inflation,  and  material  and 
energy  shortages  that  occurred  in  1974,  the  Cost  Analysis  Branch  was 
generally  uncertain  about  provisions  for  inflation  in  cost  data  re- 
ceived from  others.  It  questioned  its  presence  and/or  amount,  and 
concluded  that  there  now  is  a greater  responsibility  than  before  for 
making  adequate  provisions  for  such  inflation. 

A special  guidance  was  compiled  in  1974  entitled  "Inflation 
for  GFM  Equipment"  for  use  by  estimators  to  ensure  that  adequate 
inflation  projections  were  used.  As  broad-based  "procurement 
indices"  furnished  by  Office  of  Secretary  of  Defense  were  considered 
to  be  too  low,  the  Branch  selected  the  BLS  shipbuilding  index  and  a 
50-50  material  and  labor  split  to  construct  an  inflation  table  for 
weapons  and  electronics  awards  from  1974  to  1985. 

As  noted  before,  the  Branch  considers  the  BLS  index  as  in- 
adequate for  ship  estimating  purposes.  Its  inadequacy  is  undoubtedly 
greater  for  highly  specialized  and  sophisticated  equipment,  but 
because  of  insufficient  personnel,  the  Branch  does  the  best  it  can 
within  the  resources  available. 

Use  of  the  guidance  by  estimators  can  produce  uncertain 
results.  If  original  input  data  already  provides  for  inflation  which  is 
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not  identified,  application  of  an  additional  factor  pads  the  esti- 
mate. If  it  does  not,  the  applied  inflation  correction  is  admittedly 
minimal  on  a doubtful  index. 

The  present  capability  for  accurate  estimating  for  govern- 
ment furnished  material  must  be  classified  as  uncertain.  Since  the 
cost  portion  of  these  items  on  a ship  can  be  high,  a substantial 
error  in  end  cost  can  result.  The  first  action  to  alleviate  this 
situation  is  to  obtain  complete  documentation  of  input  data  from 
Navy  sources.  This  must  be  followed  by  the  construction  of  an 
appropriate  inflation  index  for  such  equipment  based  on  breakdowns 
furnished  by  vendors. 

(3)  Labor  Rate  Projections 

Prior  to  1970  estimators  relied  on  historical  bid  data  for  a 
base  upon  which  to  predict  a labor  rate  for  budget  estimates.  Each 
estimator  updated  the  base  through  more  current  personal  data  or 
sources  available  to  him  on  a case  by  case  basis  for  projecting 
future  labor  rates  to  time  of  contract  award. 

Since  1970,  the  Branch  produces  an  annual  format  guidance 
table  for  use  of  estimators  in  selecting  labor  bid  rates  to  apply  to 
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labor  hours  estimates  on  ships  anticipated  in  the  budget  two  years 
hence.  Resources  for  this  task  are  about  80  union-management 
agreements,  Bureau  of  Labor  Statistics,  historical  bids,  U.S. 
Department  of  Commerce  (MarAd),  Naval  Shipyards  and  other 
sources.  The  guidance  promotes  consistency  in  all  estimates  and 
narrows  the  margin  of  error  over  the  previous  personalized  methods. 

From  the  input  data,  expected  production,  engineering, 
and  composite  labor  rates  are  established  for  commercial  shipyards. 
These  reflect  factors  such  as  overtime,  piecework,  and  incentive 
payments,  as  derived  from  past  bids.  Up  to  three  analytical 
methods  of  determination  can  be  used,  and  the  analyst's  judgment 
is  exercised  for  the  final  selection  of  most  representative  rates. 
Current  guidance  reports  are  for  five  shipyards  on  the  East  Coast, 
two  shipyards  on  the  Gulf  Coast,  three  shipyards  on  the  West  Coast 
and  for  two  "inland"  shipyards,  which  are  on  the  Great  Lakes. 
Coastal  and  national  averages  also  are  given  in  the  guidance. 

Labor  rate  projections  for  other  yards  are  available  on  a case  by 
case  basis.  The  analyst  provides  a narrative  analysis  for  several 
of  the  largest  shipyards  to  show  the  basis  of  his  labor  rate  predic- 
tions, time  frame  of  the  applicable  labor  contract,  etc.  for  further 
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guidance  to  the  estimator. 


Composite  labor/overhead  rates  for  the  various  Naval  Ship- 
yards also  are  established  from  inputs  by  the  various  yards.  These 
are  furnished  in  the  annual  guidance  for  budget  estimates  princi- 
pally on  conversion  and  repair  projects. 

The  type  of  ship  being  estimated  coupled  with  the  current  mar- 
ket condition  often  permit  an  estimator  to  limit  application  of 
the  labor  rate  guidance  to  specific  most-likely-to-bid  shipyards 
or,  if  circumstances  warrant,  he  has  the  option  of  using  coastal 
or  national  averages.  The  overall  judgmental  factor  is  reduced, 
however,  as  it  was  exercised  principally  by  the  better  informed 
analyst  in  arriving  at  his  predicted  rate  structure  and  the  market 
situation . 

The  technique  employed  to  forecast  future  labor  bid  rates  is 
thorough  and  consistent.  Most  data  resources  used  are  the  best 
available;  hence  the  resultant  estimating  guidance  is  good. 

Greater  accuracy  can  be  achieved,  however,  in  two  areas: 

Reliance  on  h is  tor  ia  I bids  for  basic  ratios  of  overtime, 
piecework,  etc.  should  be  minimal.  Older  bids  may  not 
reflect  changes  caused  by  current  facilities,  management 
policies,  and  labor  agreements,  and  will  present  an  erron- 
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eous  base  for  evaluating  adjustments  on  future  labor  rotes. 
Also,  some  former  details  of  bid  data  are  recognized  by 
analysts  as  inaccurate,  with  a general  odjustment  made  to 
the  final  totals  to  achieve  overall  accuracy.  Every  effort 
should  be  made  to  obtain  current  actual  labor  adjustment 
data  from  shipyards  listed  in  the  guidance  report.  Navy 
auditors  should  be  able  to  supply  it  at  least  annually,  if  it 
cannot  be  obtained  directly  from  the  shipyards. 

Since  bids  and  costs  could  be  received  for  many  ships 
included  in  budgets  a few  years  following  the  budget  esti- 
mate, the  Branch  should  routinely  check  its  former  predic- 
tions to  determine  if  initial  premises  require  refinement  or 
modification.  To  our  knowledge  this  is  not  done  on  a 
systematic  basis. 


The  Bureau  of  Labor  Statistics  studied  shipbuilding  wages 
and  related  fringe  benefits  in  September-October,  1976,  and  will 
publish  results  in  1977.  Since  the  study  was  based  on  straight  time 
wages  by  craft  it  may  have  only  limited  value  for  the  Cost  Analysis 
Branch,  which  requires  actual  adjustment  data  for  premium  pay 
factors  to  apply  to  straight  time  wage  data  in  its  possession.  Oato 
provided  from  the  study  of  craft  mix  may  be  useful  for  improving 
the  composite  labor  rate  predictions. 

(4)  Overhead  Projections 


There  was  no  systematic  or  thorough  method  of  determining 
overhead  rates  for  shipyards  prior  to  1972.  Cost  estimates  referred 
to  a central  file  for  past  data  on  shipyards  being  considered,  and 


selected  overhead  rates  for  current  estimates  based  on  their  indivi- 
dual knowledge,  experience  and  judgment. 

In  1972,  the  Cost  Analysis  Branch  began  its  formal  analyti- 
cal system  for  providing  specific  guidance  on  overhead.  Its  objec- 
tive was  to  predict  the  rates  which  each  yard  would  use  in  its  bid 
estimates  two  years  in  the  future.  Estimators  could  study  this 
information  to  determine  the  one  overhead  bid  rate  to  use  in  a 
budget  estimate  for  the  entire  building  period  of  ships  in  the  con- 
tract being  considered. 

Past  bid  information  from  various  sources  was  analyzed  for 
known  current  conditions  for  125  shipyards  and  boatyards  through- 
out the  country.  Resultant  overhead  rates  were  included  with 
labor  rate  information  for  selected  yards  on  the  annual  guidance 
forms  established  in  1970.  Estimators  could  now  compute  consis- 
tently the  intended  average  overhead  bid  rate  for  any  of  these 
yards  considered  likely  to  bid.  The  number  of  yards  included  in 
subsequent  years'  guidance  varied  with  market  conditions.  In 
1976,  twelve  yards  were  listed. 

A more  in-depth  analysis  of  actual  overhead  accounts  at 
several  major  shipyards  was  conducted  in  1974  by  the  Cost  Analysis 
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Branch  with  data  supplied  by  the  Defense  Contractors'  Auditing 
Agency  (DCAA) . In  1976,  based  on  the  data  obtained,  a computer 
model  consisting  of  130  items  was  developed  for  one  shipyard. 

Later  in  1976,  a similar,  but  smaller  model  was  completed  for 
another  shipyard.  Work  is  underway  on  additional  models,  as 
resources  permit,  because  the  Branch  desires  a model  for  every 
major  shipbuilder  in  the  country. 

Projections  of  overhead  costs  for  other  yards  in  the  annual 
guidance  are  established  by  continued  trend  analysis  of  gross 
quantities  using  current  inputs  from  DCAA  and  recent  bid  data. 

This  method  is  the  best  available  in  the  absence  of  detailed  models. 
Up-dating  of  information  for  the  existing  two  overhead  models  also 
forms  a basis  for  more  accurate  determinations  of  trends  at  the 
other  yards.  Ability  of  the  models  to  be  extrapolated  up  to  six 
years  improves  the  grade  of  trend  analysis  for  the  same  period,  al- 
though by  any  method  a six  year  prediction  is  of  doubtful  value. 

Overhead  accounting  systems  vary  among  shipyards  and  are 
not  static  in  any  yard.  Several  changes  can  be  expected  in  each 
year.  Additionally,  to  get  an  accurate  projected  overhead  rate, 
the  analyst  must  have  an  accurate  input  of  labor  costs  at  each 
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yard  far  the  denominator  of  the  equation.  He  must  supplement 
whatever  information  he  has  on  labor  far  Navy  ships,  by  data  for 
current  and  future  commercial  ships  and  industrial  work.  To  a 
large  extent  he  obtains  the  non-Navy  ship  data  from  the  Ship  Pro- 
duction Office,  Code  075,  in  NAVSEA,  which  tracks  commercial 
ship  construction  via  the  Maritime  Administration.  There  is  no 
easy  way  to  obtain  the  scope  of  industrial  wark.  In  order  to  make 
a realistic  appraisal  of  pending  private  work  personal  contacts  must 
be  made  with  the  private  sector  of  the  industry,  as  the  information 
is  seldom  published  nor  is  it  otherwise  readily  available.  The  actual 
overhead  rate  for  a shipyard  varies  constantly  and  yards  account  it 
on  a monthly  basis.  To  keep  abreast  af  developments,  far  possible 
changes  to  the  format  annual  guidance,  the  Branch  monitors  and 
adjusts  its  data  and  amends  its  forecast  as  needed. 

Because  of  the  dynamic  nature  of  pertinent  known  elements, 
a precise  overhead  figure  for  the  life  of  a contract  is  elusive. 
To  further  compound  the  problem  several  recent  developments  de- 
tract from  accuracy: 

Fringe  benefits  are  rising  faster  than  labor  rates.  Industry- 
wide, fringes  were  about  25  percent  of  labor  rates  about 
two  years  ago.  At  one  shipyard,  the  current  rate  grew 
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to  43  percent.  Such  growth  can  upset  a relatively  recent 
overhead  prediction. 

The  Maritime  Administration  noted  that  fringe  benefits  rose 
from  25  percent  to  35  percent  in  1976  at  some  shipyards. 

As  a result,  BLS  was  requested  to  study  fringe  benefit  costs 
in  connection  with  the  shipbuilding  wage  study  mentioned 
previously.  A report  is  expected  in  1977. 

Changes  in  Social  Security  taxes,  new  environmental  regu- 
lations, increased  safety  standards,  etc.,  were  unpredict- 
able a few  years  ago  when  budget  estimates  were  made 
for  work  now  under  contract.  Even  now,  the  possible  cost 
of  these  developing  requirements  has  not  been  determined 
for  application  in  future  budget  estimates.  Guidelines  are 
being  furnished  to  the  Branch  as  they  become  available. 

Cost  of  energy  has  been  a normal  overhead  item.  The  mar- 
ket is  so  abnormal  that  special  provisions  must  be  made  to 
pass  additional  costs  on  to  the  customer.  In  some  new 
contracts,  escalation  on  overhead  is  provided,  which  would 
cover  increased  energy  costs  automatically. 

Labor  turnover  and  absenteeism  have  increased  tremendously 
in  the  past  few  years.  A related  activity  includes  increased 
trai  ning  to  combat  shortages  of  skills.  All  three  are  over- 
head cost  items  which  cannot  be  predicted  accurately. 


At  least  two  years'  cost  experience  and  the  forthcoming  BLS 
report  are  needed  for  analysts  to  incorporate  supportable  corrections 
to  overhead  computations  for  the  factors  listed  above.  Until  then 
the  analyst's  judgment  must  be  applied  to  update  the  overhead  rate 
guidance . 
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The  latest  national  overhead  average  for  principal  yards 
doing  Navy  work  is  105  percent,  with  a range  of  70  percent  to 
144  percent;  and  the  trend  is  upward  as  noted  above.  Total  cost 
of  overhead  can  exceed  labor  or  material,  or  both  on  some  types  of 
ships.  Accurate  forecasting  is  growing  in  importance,  yet  the  diffi- 
culty to  do  so  is  increasing. 

The  Cost  Analysis  Branch  has  made  substantial  progress  in 
collecting  data  and  developing  analytical  methods  for  overhead 
guidance  since  1972.  It  keeps  up-to-date  on  many  matters  and  seeks 
out  new  information  to  improve  its  output.  Computers  are  utilized 
for  frequent  and  rapid  outputs. 

Construction  of  additional  models  continues  as  time  permits. 
Unfortunately,  the  Branch  does  not  keep  a record  comparing  fore- 
casts to  actual  results;  hence,  it  cannot  demonstrate  the  effects  of 
improvements  nor  make  solid  conclusions  from  such  comparisons  for 
use  on  future  work.  Lack  of  time  is  cited  as  the  reason  for  not 
establishing  such  a record.  (The  overhead  guidance  is  done  by  only 
one  analyst.)  Time  should  be  found  for  this  task  and  a few  others 
listed  below,  for  which  additional  personnel  should  be  assigned. 

They  should  be  qualified  in  accounting  for  analysis  of  changes  in 
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overhead  structures,  pro-rations,  etc.,  which  are  constant.  Other 
functions  the  Branch  can  do  to  improve  its  guidance  are: 


Continue  development  of  overhead  models  under  construction 
as  soon  as  possible . 

Increase  detailed  current  data  base  from  shipyards,  preferably 
by  personal  visit  to  Navy's  audit  offices  on  job  sites  to 
discuss  trends  of  various  elements  of  overhead. 

Determine  shipyards'  plans  for  future  major  facilities  and 
include  associated  costs  in  projected  overhead  computations. 
This  has  not  been  done  to  date  even  though  some  yards  have 
had  extensive  modernization  programs,  with  intended  3-10 
year  amortization  periods. 

Provide  for  overhead  costs  for  extension  of  contract  construc- 
tion periods  per  realities  dictated  by  recent  experience.  The 
present  seven  month  delay  assumption  is  inadequate  for 
establishing  a margin  in  most  cases. 

Establish  routine  liaison  with  the  Maritime  Administration 
and  other  agencies  for  regular  exchange  of  overhead  and 
labor  costs  at  shipyards  doing  Navy  and  commercial  work. 

Commence  forecasting  overhead  for  the  larger  GFM  suppliers. 


Continuation  of  progress  in  quantity  and  quality  of  data 
resources  should  be  stressed  because  of  the  increasing  leverage  of 
overhead  in  estimates.  Even  in  an  optimum  system  consistent  pre- 
dictions within  5 percent  of  actual  for  a multi-year  building  period 
are  considered  to  be  the  limit  of  accuracy  because  of  the  fluctuating 
and  dynamic  character  of  many  elements  that  are  involved  in  overhead 
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computations  and  the  unpredictable  energy  market. 


All  that  can  be  expected  from  the  analysts  is  that  they 
include  every  significant  influence  on  overhead  that  is  possible 
and  project  it  on  a sound  basis.  Their  rating  on  this  score  increased 
from  poor  to  very  good  in  a four  year  period.  It  could  become  op- 
timum in  two  more  years,  if  additional  personnel  with  the  proper 
backgrounds  were  added  to  implement  previously  suggested  functions. 

Judgment  of  analysts  in  the  overhead  predictions  and  judg- 
ment of  estimators  who  use  the  guidance  are  not  infallible,  and 
they  may  be  victimized  by  unexpected  events  of  the  economy,  as 
has  been  frequently  the  case  in  the  past.  However,  it  can  be  en- 
hanced by  processing  more  information  through  proven  analytical 
methods.  Judgments  should  be  evaluated  by  annual  comparison  with 
results  and  the  system  adjusted  as  needed  to  further  advance  the 
accuracy  of  predictions. 

(5)  Contract  Escalation 

Escalation  contrasts  with  inflation  in  that  it  is  the  rise  in 
costs  experienced  during  a contract  period  as  measured  by  agreed 
terms.  It  is  a function  of  inflation  in  that  period  but  may  not  be 
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equal  to  it  because  of  the  applicable  contract  provisions  and  the 
indices  used  to  measure  the  cost  fluctuations. 

Throughout  the  1950's  the  Navy  did  not  budget  for  total 
escalation  but  estimated  the  dollar  payout  on  a yearly  basis.  Each 
year  a projection  was  made  by  the  cast  estimators  as  to  what  would 
be  required  to  pay  for  the  escalation  in  the  existing  contracts  for 
that  year  and  that  amount  was  added  to  the  budget. 

In  the  early  1960's,  in  order  to  comply  with  the  Full  Funding 
Statute,  the  Navy  cost  estimators  began  to  estimate  the  total  cost 
for  escalation  on  a gross  overall  factor  applied  to  the  total  SCN 
expenditure,  instead  of  to  each  ship  program,  and  included  the 
total  cost  in  the  budget. 

In  1971,  because  of  the  recently  introduced  "ship  end  cost" 
concept,  escalation  was  estimated  and  applied  on  each  ship  program. 
This  estimate  is  based  on  a forecast  of  individual  payments  over  the 
bidding  period  per  contract  clauses.  The  forecasted  amount  had  to 
be  approved  by  OSD  for  each  budget  submittal.  The  projections 
were  usually  revised  downward  by  the  Navy  Department  and  the 
Office  of  the  Secretary  of  Defense.  In  1971,  for  instance,  Navy 
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wanted  to  use  a 5 percent  per  year  projection  for  BLS  material,  but 
OSD  revised  it  to  3.5  per  cent.  Ships  involved  are  now  under 
construction  in  the  1973  program  and  are  showing  escalation 
several  times  greater  than  forecast.  Subsequently,  the  Branch  had 
to  use  the  OSD  guidance,  even  though  it  was  considered  to  be 
inadequate  for  the  times  and  needed  revision. 

To  achieve  the  revision,  an  analytical  method  for  predict- 
ing the  indices  was  developed  by  the  Branch  several  years  ago. 
Because  of  their  demonstrated  improved  accuracy,  the  projected 
indices  have  been  approved  by  OSD  since  1974  without  modifica- 
tions. From  the  provided  breakdown  OSD's  Comptroller  issues  a 
composite  annual  directive  known  as  the  "McCleary  Indices"  for 
use  by  Navy,  but  the  Branch  finds  its  own  basic  breakdowns  more 
convenient  in  its  work. 

In  1972-1973,  a computer-oriented  system  was  developed 
by  the  Branch  for  calculating  the  escalation  costs  for  budget  esti- 
mates. The  first  runs  were  made  in  1973.  Estimators  provided 
estimated  material,  labor,  and  overhead  costs  for  each  ship  to  an 
analytical  team.  Contract  escalation  clauses  were  translated  into 
formulae.  By  1976,  several  programs  had  been  written  and  used 
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for  over  100  ships  under  construction.  Because  of  variations  in 
base  year,  material  and  labor  distribution  curves,  cost  of  energy 
provisions,  type  of  escalation  clause,  etc.  each  ship  program  is 
an  individual  one.  The  set-up  of  data  and  making  computer  runs 
are  done  for  the  entire  range  of  requirements  by  two  analysts  who 
are  computer  specialists  responsible  for  all  escalation  programming 
done  in  the  Branch.  Their  workload  is  too  high,  so  additional  staff 
would  be  very  useful  in  maximizing  the  unit's  value,  not  only  for 
escalation  budgeting,  but  for  accounting,  cost  trade  off  studies, 
etc.  About  150  runs  are  made  per  month  for  ship  programs  and  an 
additional  50  runs  are  made  for  related  matters.  (This  compares  to 
an  average  of  10  exercises  that  were  produced  each  month  previously 
by  hand  methods.) 

To  respond  to  numerous  requests  for  approximate  escalation 
estimates  the  Branch  also  has  developed  a "quick  ansv«r"  method 
in  1974.  It  is  worked  out  by  hand  to  produce  answers  for  a variety 
of  drills  and  purposes  not  requiring  full  processing  of  a program 
through  the  computer. 

Two  basic  escalation  clauses  are  in  effect  on  Navy's  ship 
contracts.  The  clause  written  in  1962  applies  to  most  ships  being 
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built  now.  It  restricts  payments  to  the  contract  scheduled  delivery 
date,  on  a quarterly  basis,  in  accordance  with  a pre-established 
apportionment  of  labor  and  material  expended  which  did  not  in- 
clude change  orders.  These  restrictions  were  criticized  by  ship- 
yards as  inequitable  for  actual  conditions,  and  resulted  in  some 
claims.  A major  revision  known  as  the  "1975  Clause"  was  issued; 
it  is  also  referred  to  as  the  "Marshall  Clause".  It  provides  for 
monthly  payments  on  actual  material  and  direct  labor  expenditures 
plus  a pre-determined  percentage  of  overhead,  including  change 
orders,  through  the  actual  delivery  date,  but  not  to  exceed  the 
contract  ceiling  for  labor  and  material,  as  adjusted  for  changes. 

Both  the  1962  and  1975  clauses  rely  on  the  Bureau  of 
Labor  Statistics  indices  for  adjustments  of  material  and  labor 
compensation  throughout  the  contract  period.  These  are  being 
used  despite  their  defects  because  they  are  considered  by  Navy 
and  some  contractors  to  be  the  best  available.  (The  Cost  Analysis 
Branch  uses  its  own  index  for  material  inflation  forecasts  on  esti- 
mated contract  material  costs  up  to  contract  signing,  but  it  cannot 
be  used  for  contract  material  escalation  because  it  is  not  a con- 
tractual provision.) 
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Since  escalation  tasks  deal  with  future  events  and  economic 


factors,  and  as  BLS  indices  upon  which  these  will  be  based  are  only 
historical,  it  was  necessary  to  make  predictions  for  the  behavior  of 
BLS  indices  in  the  future.  The  present  method  was  developed  in 
1974.  They  produced  a forecast  of  tables,  graphs,  and  narratives 
for  guidance  of  the  escalation  analysts.  It  is  prepared  annually 
to  show  latest  actual  BLS  indices  and  to  forecast  them  for  a minimum 
of  four  years.  Extrapolation  for  longer-range  forecasts  is  by  exten- 
sion of  the  four-year  trend  curves.  The  labor  index  is  predicted 
similarly  to  the  method  that  BLS  develops  its  historical  index,  with 
labor  rates  at  16  shipycrds  obtained  from  the  labor  guidance  de- 
scribed previously.  The  material  index  forecast  is  also  based  on 
BLS  format  for  steel  but  utilizes  more  judgment  and  statistical 
methods  by  the  analyst,  as  data  for  the  near  future  is  not  as 
available  as  for  labor  rates. 

The  NAVSEA  in-depth  projections  of  these  indices  were 
developed  only  for  the  past  three  years.  Results  are  shown  on 
historical  curves.  Actual  BLS  indices  for  a prior  year  are  substituted 
for  predictions  to  establish  a corrected  reference  for  the  next  trend 
prediction.  The  predictions  in  this  period  were  on  the  high  side. 


within  4 percent  of  actual  labor  and  5 percent  of  actual  material 
indices,  which  are  fine  results.  Good  methodology  and  execution 
are  indicated  by  observed  correlations,  which  should  improve  as 
more  experience  is  gained. 

Three  essential  escalation  outputs  are  produced  by  the  Cost 
Analysis  Branch:  an  estimate  of  total  cost  for  each  ship's  budget 
estimate;  earned  escalation  and  a forecast  of  future  escalation 
costs  for  each  out-year  for  all  ships  under  construction;  and  a 
balance  sheet  showing  either  surplus  or  deficit  of  the  entire  escala- 
tion account  to  be  used  in  the  next  year's  budget,  as  a separate 
line  item.  Brief  descriptions  of  each  output  and  study  team  comments 
follow. 


Escalation  in  Budget  Cost  Estimates 


The  analyst,  by  using  a provided  contract  construc- 
tion period,  predicted  BLS  indices  for  material  and  labor, 
material  and  labor  cost  estimates  furnished  by  cost  estimators, 
and  terms  of  the  contractual  clause,  can  obtain  by  computer 
the  total  amount  of  escalation  dollars  that  may  be  expended 
on  each  ship  of  each  proposed  contract.  This  is  included 
in  the  ship's  estimate. 

Since  ship  construction  history  indicates  that  the 
average  delay  in  contract  delivery  of  ships  was  7 months,  a 
10  percent  surcharge,  identified  currently  as  a cost  impact 
for  the  "1975  Clause"  ("Marshall  Clause")  to  provide 
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escalation  to  actual  delivery  date  instead  of  to  scheduled 
delivery  date  is  applied. 

In  the  House  Subcommittee  Hearings  on  DOD 
Appropriations  for  1977,  Part  8,  Pages  219-220,  63  ships 
of  87  under  contract,  including  those  on  which  work  has 
not  yet  started,  are  identified  as  being  behind  schedule. 
The  average  lateness  of  the  total  number  of  87  ships  is  over 
10  months;  hence,  the  surcharge  noted  above  may  be  in- 
adequate. More  importantly,  a gross  average  like  this  is 
misleading,  as  lateness  appears  to  vary  by  type  of  ships. 
(Some  submarines  are  over  2 years  late.)  The  surcharge 
percentage  should  be  investigated  for  a more  accurate 
basis  of  application,  as  the  present  "10  Percent  Marshall" 
can  cause  substantial  deficits  in  highest  priced  ships  when 
lateness  in  delivery  exceeds  the  assumed  seven-month 
period.  The  obvious  solution  is  to  predict  with  more 
precision  a realistic  construction  period. 


Earned  Escalation  and  a Forecast  of  Future  Escalation  Costs 


For  each  ship  under  contract  in  an  approved  program 
the  earned  escalation  amounts  are  computed  quarterly  in  a 
current  year  by  actual  labor  expended  and  BLS  indices,  as 
data  becomes  available.  For  the  out-years,  the  latest 
actual  BLS  indices  are  used  to  adjust  material  and  labor 
expenditure  forecasts.  By  this  technique  the  Branch  produces 
a continuing  modification  to  escalation  accounts  to  achieve 
greater  accuracy  in  predicting  the  final  requirements  for 
the  ship  construction  contract  and  change  orders.  Ship 
deliveries  are  tracked  and  possible  delays  are  included  in 
upward  adjustments  of  escalation  costs.  Also  included  are 
an  add-on  for  increased  costs  of  energy,  and  other  special 
provisions,  which  may  enter  into  contracts.  The  latter  costs 
are  vague,  as  requirements  are  not  well  defined. 

The  methodology  is  as  thorough  as  needed  for  this 
task,  but  outputs  are  affected  by  irregular  submittals  of 
necessary  information  from  shipyards.  The  Branch  needs 


D-83 


1 


monthly  returns  to  do  an  optimum  job,  but  does  the  job  as 
best  it  can  on  a quarterly  basis.  Assistance  from  the  Super- 
visor of  Shipbuilding  at  building  sites  is  needed  occasionally 
to  obtain  necessary  inputs  into  programs. 


Escalation  Balance  for  Each  Year 


Because  of  the  rapid  rise  in  the  escalation  shortfall 
due  to  inflation  and  its  effect  on  ships'  costs,  a special 
accounting  was  ordered  in  1972.  Escalation  deficits  in 
the  total  program  were  requested  to  be  funded  from  a separ- 
ate cost  growth  appropriation  included  in  the  budget  annu- 
ally. The  Cost  Analysis  Branch  had  to  provide  the  required 
information  to  identify  the  current  amount  needed.  Each 
annual  budget  now  includes  a separate  line  item  for  the 
current  escalation  balance.  At  present  about  110  ships  are 
involved  in  the  computation  of  this  balance. 

Most  current  ships  under  construction  were  estimated 
prior  to  1973,  at  which  time  the  Cost  Analysis  Branch  first 
applied  its  vastly  improved  techniques  to  forecast  escalation. 
Returned  costs  for  escalation  come  in  monthly  to  test  the 
accuracy  of  previous  estimates  and  guide  current  estimates. 
Efficacy  of  the  improvements  made  from  1973  to  the  present 
should  be  demonstrable  within  the  near  future  on  short  term 
contracts  and  on  forecasts  of  longer  term  contracts,  and  is 
expected  to  show  a satisfactory  correlation  between  estimated 
and  actual  amounts  for  escalation.  Present  methodology  for 
required  outputs  is  considered  to  be  nearly  optimum  for  the 
quality  of  inputs.  Inherent  deviations  will  always  exist 
because  of  directed  changes,  unexpected  future  develop- 
ments in  the  economy,  and  degree  of  accuracy  in  provided 
data  for  computations.  Developed  checks  enable  the  Branch 
to  adjust  data  at  frequent  intervals  and  advise  all  levels  of 
management  of  significant  trends  requiring  attention. 
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Some  increase  in  capability  of  the  Branch  can  be 

achieved  by  improved  inputs,  namely: 

- Routine  and  prompt  monthly  cost  information  from 
shipyards . 

- A more  accurate  forecast  of  delay  in  construction 
of  each  ship  type . 

- Guidance  from  some  econometric  service  for  pre- 
dicting BLS  indices,  particularly  on  material. 

- Thorough  analysis  of  past  predictions  against  actual 
results  to  refine  assumptions  in  various  processes 
where  needed. 

(6)  Market  Analysis 

The  Cost  Analysis  Branch  started  in  1974  to  provide  a guid- 
ance to  estimators  on  future  market  conditions  for  program  priceouts. 
It  predicts  the  shipbuilding  workload  in  17  major  shipyards  two  years 
in  advance  and  indicates  the  most  likely  bidders  by  ship  type  in  the 
program.  The  purpose  is  to  guide  estimators  in  selecting  necessary 
rates  for  a budget  estimate  only  from  yards  that  will  have  the 
potential  to  undertake  new  work.  Labor  and  overhead  rates  for 
those  yards  should  result  in  a more  accurate  estimate  than  if  they 
are  taken  for  a larger  group  in  which  several  yards  cannot  become 
involved.  Additionally,  a bidding  policy  for  probable  bidders  may 
be  predicted  if  their  future  workload  can  be  evaluated.  This  would 
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affect  the  selection  of  profit  for  the  estimate. 


The  market  has  a great  influence  on  bid  prices.  The  Branch 
prepared  Figure  D.9  far  a specific  case.  However,  it  illustrates 
the  potential  effect  of  bidding  policies  for  every  situation.  Figure 
D.  10  illustrates  fora  large  number  of  bids  the  variances  in  prices 
assuming  competition.  It  indicates  also  what  can  occur  if  there  is 
no  competition.  For  example,  the  NAVSEA  budget  for  what  is 
considered  to  be  an  average  bid  may  be  off  by  at  least  12.5  percent 
solely  for  the  reason  of  the  absence  af  a competitive  market.  Esti- 
mators therefore  must  consider  the  nature  of  the  market  especially 
to  protect  budget  estimates  against  large  increases  solely  for 
restricted  conditions. 

Because  of  the  nature  of  naval  ship  complexity  the  most 
likely  market  for  nuclear  ships  consists  of  one  shipyard,  for  sub- 
marines two  shipyards,  for  DD  963  class  ships  one  shipyard,  and 
FFG  7 class  ships  three  shipyards.  This  leaves  ships  af  a less  com- 
plicated nature  which  dollarwise  are  a small  portion  of  the  usual 
Navy  budget  subject  to  more  or  less  a normal  market. 

^ Technically  this  ship  could  be  built  in  a number  of  U .5 . yards  but 
since  Ingalls  has  these  ships  in  series  production,  it  is  unlikely  that 
another  yard  would  underbid  Ingalls  so  long  as  they  are  interested 
in  this  work. 
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FIGURE  D.9 
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SPREAD  IN  SCN  BID  PRICES 
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SOURCE:  NAVSEA  01 G 


Sources  for  developing  a workload  composite  are  Navy's  records  of 
current  shipbuilding  activities,  Maritime  Administration's  records 
for  merchant  ships  under  contract,  and  anticipated  new  work  by 
both  organizations.  In  addition  to  bar  cherts  showing  this  informa- 
tion, the  guidance  includes  an  informative  narrative  about  develop- 
ments at  each  of  the  17  yards  as  they  relate  to  their  ability  to  under- 
take additional  work. 

The  workload  guidance  does  not  include  commercial  ships 
for  private  accounts  at  some  major  shipyards  not  does  it  include 
predictions  on  non-ship  work.  Current  construction  records  could 
be  obtained  from  the  American  Bureau  of  Shipping;  however,  it  is 
unlikely  that  information  on  work  two  years  hence  could  be  pre- 
dicted or  obtained. 

(7)  Productivity  Guidance 

When  historical  cost  data  is  used  for  reference  in  estimating 
labor  man-hours  for  current  ships  af  similar  types,  estimators  must 
make  adjustments  for  various  factors  with  productivity  being  an  im- 
portant one.  They  use  formal  annual  guidance  provided  by  the  Cost 
Analysis  Branch  since  1969.  Previously,  estimators  used  their  own 
judgment. 


Fundamentally,  productivity  is  labor  efficiency,  or: 
output  in  units  of  work 
input  of  labor  and  facilities 

The  equation  defies  scientific  analysis  as  no  factor  can  be 
held  firm  with  constantly  changing  conditions  for  numerator  and 
demorninator.  A more  practical  measure  used  by  managers  is  to 
compare  actual  man-hours  spent  on  a task  with  budgeted  man-hours. 
This  assumes  that  the  budget  is  correct,  which  may  not  be  the  case 
on  complex  or  novel  ships,  in  an  unsettled  labor  situation,  or  with 
changing  management.  Both  approaches  are  speculative,  yet  the 
the  requirement  to  consider  productivity  in  estimating  remains. 

The  following  organizations  made  studies  on  this  matter 
between  1958-1973: 

. Institute  for  Defense  Analyses 

. Webb  Institute 

. Center  for  Naval  Analyses 

. Commission  on  American  Shipbuilding 

. Price  Commission,  '72 
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. Logistics  Management  Institute 

. American  Association  of  Cost  Engineers 

The  first  four  studies  on  shipbuilding  productivity  were  analyzed 
and  were  found  to  disagree  and  conflict  with  each  other  to  such  an 
extent  that  they  could  not  be  used  with  confidence.  For  example: 


One  study  concluded  that  productivity  on  hull  steel  work  in 
America  was  one-half  of  that  in  Japan.  Another  contem- 
porary study  claimed  that  American  productivity  was  30 
percent  above  Japan's  on  hull  steel. 

Productivity  on  entire  ships  was  found  to  have  increased  10- 
15  percent  from  1958-1966  in  observed  American  shipyards. 
This  contrasts  with  a finding  of  another  study  that  it  increased 
1 .4  percent  per  year  from  1958-1969  in  shipbuilding  and 
repair.  Addition  of  repair  work,  which  is  so  variable  as  to 
be  impossible  to  compare,  makes  the  finding  suspect,  and 
invalidates  it  for  shipbuilding  alone. 


The  Cost  Analysis  Branch  does  not  use  any  results  from  these  studies, 
and  relies  principally  on  recent  experience,  which  will  be  listed 
subsequently,  to  predict  trends  in  productivity  for  budget  estimates. 
The  trend  has  been  downward  at  all  yards,  except  where  modernized 
facilities  were  provided;  however,  it  only  leveled  off  at  those  yards 
for  a brief  period . 


A DCAA  report  of  experience  at  one  shipyard  in  1972  showed 
that  man-hours/ton  of  steel  work  decreased  by  15  percent  over 
similar  work  in  the  1960's.  Pertinent  to  this  lower  productivity  were 
these  findings: 

. Mechanics  dropped  from  72  percent  of  the  force  to  50 

percent. 

. The  yard  lost  58  percent  of  new  hires  that  year. 

. Idleness  in  shops  increased  to  29  percent  from  the  20  percent 

factor  considered  acceptable. 

There  is  a scarcity  of  such  data.  Even  though  it  is  subjective  in 
part,  more  of  it  would  be  useful . 

Productivity  is  best  observed  by  shipyards  themselves.  They 
are  aware  of  current  changes  in  management,  technology,  facilities, 
and  work  ethic;  loss  of  skills  and  turnover  of  laoor  force;  impact  of 
changing  safety  regulations;  and  their  returned  costs  on  a shop 
basis.  These  are  reflected  in  their  bids  for  future  work. 

The  Branch  has  analyzed  some  shipyards  bids  and  returned 
costs,  and  obtained  comparable  analyses  from  the  Maritime  Admini- 
stration for  commercial  vessels,  and  continues  to  do  so,  to  deter- 
mine the  trend  fora  gross  productivity  measure.  Additionally,  it 
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considers  current  publications  on  the  subject. 


Its  first  input  was  in  1972  with  a recommendation  that  an 
additional  10  percent  be  added  to  man-hours  based  on  bid  data  prior 
to  1966,  with  a lesser  adjustment  in  the  following  years.  Further 
in-depth  analysis  in  1974  showed  a continuation  of  the  downward 
trend;  hence,  the  instruction  was  to  add  15  percent  additional 
manhours  to  all  historical  bid  data  to  reflect  current  labor  require- 
ments. At  present,  the  15  percent  add-on  is  still  in  effect  when  no 
returned  costs  are  available  for  a comparable  vessel.  This  is  very 
brief  information  for  a growing  problem  on  a large  element  of  cost. 

It  is  produced  by  a qualified  and  experienced  analyst,  on  a part- 
time  basis,  and  is  the  best  that  can  be  developed  with  present  data 
resources.  Judgment  of  its  merit  is  still  in  the  future. 

Possible  improvements  for  developing  guidance  for  produc- 
tivity are: 

. Train  a back-up  for  the  single  analyst  now  making  the 

predictions. 

. Obtain  comparative  data  from  more  shipyards. 

. Identify  all  yards  where  special  facilities  play  a large 

role  in  determining  output,  and  establish  trends  for  such 
yards  individually,  or  at  least  as  a group. 
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. Identify  effects  of  management  change  through  Supervisor 

of  Shipbuilding . 

. Track  results  from  previous  guidance  to  test  its  accuracy. 

Subjective  judgment  plays  such  a large  part  in  defining  and 
predicting  future  productivity  that  additional  measures  still  will  not 
be  as  reliable  as  desired.  However,  more  information  and  experience 
obtained  from  the  above  factors  should  produce  greater  accuracy 
for  specific  estimates  and  improved  confidence  in  the  overall  task. 

It  would  seem  appropriate  at  this  time  for  the  Navy  to  make  a 
special  effort  to  study  what  impact  a larger  Navy  program  will  have 
on  future  productivity  trends  in  shipyards  which  will  be  affected 
mostly  by  this  program. 

Exhibit  D.2  Factors  Affecting  Shipyard  Productivity  is  a special 
study  of  productivity  made  in  conjunction  with  this  study. 

(8)  Learning  Curves 

For  accurate  estimating  on  multiple  ship  contracts  considera- 
tion must  be  given  to  expected  decreases  in  material  and  labor  on 
repetitive  operations.  Material  costs  in  constant  dollars  should  be 
less  since  there  should  be  fewer  errors  and  less  waste  and  scrap,  as 
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familiarity  grows.  In  an  even  larger  degree,  labor  hours  should 
decrease  also  as  prior  production  problems  are  solved  and  workers 
become  familiar  with  construction  plans,  materials  and  the  ship. 
Such  decreases  have  been  expressed  historically  by  learning- 
curves,  which  are  anticipated  by  cost  managers  in  Navy  and  OSD 
and  must  be  applied  by  estimators  in  the  Cost  Estimating  Branch. 

Prior  to  1969,  a learning  curve  based  on  bid  experiences  of 
the  Maritime  Administration  and  Navy  was  used.  Findings  of  other 
experts  in  the  ship  production  field  were  considered  also.  With 
productivity  slipping,  as  noted  in  a preceding  section,  the  Cost 
Analysis  Branch  provided  more  judgment  and  relied  less  on  the 
available  historical  curves  for  its  guidance  report. 

In  1969  a management  research  firm  completed  a study  of 
learning  curves  for  NAVSEA.  It  was  based  on  210  bids  for  29 
classes  of  ships  and  resulted  in  one  of  the  items  now  being  used  by 
the  Cost  Estimating  Branch  as  a guideline. 

Being  based  on  bids,  and  not  on  returned  costs,  the  study 
utilized  shipyard  predictions  of  improvement,  which  hopefully 
reflected  actual  experience  and  serious  bidding  intent.  As  these 
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factors  were  unknown  the  real  merit  of  the  resultant  study  is  un- 
known. The  curves  show  expected  downward  trends  for  material  and 
labor  and  have  been  used  with  caution  since  they  became  available. 

The  Cost  Analysis  Branch  performs  a valuable  function  re- 
cording this  guideline  in  advising  estimators  about  actual  current 
conditions  in  the  industry.  These  changed  adversely  shortly  after 
the  1969  study  was  completed.  Unexpected  labor  turnover  and 
loss  of  skills  in  yards,  as  described  in  the  previous  section  on  pro- 
ductivity, destroyed  the  learning  curve  completely  at  one  ship- 
yard in  1970-1974.  Another  yard  assumed  no  learning  in  pricing 
a series  of  large  tankers  started  in  1973.  The  Branch  found  that 
in  a third  yard  more  man-hours  were  used  on  a recent  small  craft 
than  were  expected  on  an  identical  one  several  years  earlier. 

This  decline  in  productivity  all  over  the  country  has  resulted  in 
de-emphasis  of  learning  curve  data,  and  a partial  substitution  of 
up-dated  actual  observations  by  the  Branch.  Some  productivity 
data  are  obtained  from  the  Maritime  Administration  on  a regular 
basis . 
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Programs  for  multiple  ship  contracts  which  were  priced 
out  for  construction  in  the  late  sixties  on  normal  learning  curves, 
regardless  of  source,  can  be  expected  to  show  overruns  for  this 
factor  alone.  One  opinion  was  expressed  within  Navy  that  the 
curve  will  cost  each  of  thirty  DD  963  class  ships  in  the  FY  1970 
program  about  10  million  dollars,  because  it  assumed  too  rapid  a 
decrease  in  successive  ship  costs. 

The  current  estimating  approach  is  to  use  the  developed 
cumulative  average  learning  curve  guidance  from  the  study  on  a 
conservative  basis.  (The  cumulative  average  results  in  application 
of  learning  percentage  decreases  to  the  ship  number  which  is 
double  the  previous  base,  i.e.,  starting  with  hull  ^1,  compute  for 
hulls  ^2,  ^4,  *8,  etc.  Percentages  for  intermediate  hulls  are 
taken  off  the  plotted  curve  of  computed  points.)  A one  percent 
learning  reduction  is  used  for  material  unless  trends  of  inflation 
indicate  otherwise.  This  is  equivalent  to  a .99  slope  of  the  curve. 
(The  bid  study  indicated  a 2.1  percent  learning,  or  .979  slope.) 

A 5 percent  learning  reduction,  or  .95  slope,  is  used  for  labor 
man-hours,  unless  labor  force  or  management  patterns  of  prospec- 
tive shipyards  does  not  warrant  this.  (The  bid  study  indicated  6.8 
percent  learning,  or  .932  slope.)  Judgment  of  the  estimator  is 
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the  key  factor  to  avoid  erroneous  predictions  of  learning,  which 
could  grow  to  large  numbers  in  dollars  on  a program  of  many  ships. 
Their  present  approach  is  conservative  obedience  to  expected 
provisions  of  learning  benefits. 

The  bid  analysis  study  of  1969  should  be  followed  up  with 
a similar  returned  cost  study  for  the  ships  actually  built.  It  would 
test  the  learning  curve  theory  for  applicability,  identify  departures, 
and  provide  guidance  for  future  use  on  a more  accurate  basis.  One 
expected  disclosure  is  that  learning  curves  can  reverse  their  trends 
toward  ends  of  contracts.  Materials  borrowed  from  last  ships  to 
replace  broken,  lost,  or  malfunctioning  items  on  previous  ships 
must  be  re-purchased.  Unless  future  work  is  assured,  labor  man- 
hours on  last  ships  can  exceed  totals  experienced  on  immediately 
previous  ships.  These  reversals  were  observed  in  merchant  ship 
construction,  and  it  may  also  be  true  on  Naval  work. 

An  unexplored  aspect  in  learning  curve  and  productivity 
considerations  is  management  effectiveness.  This  could  be  a large 
factor.  The  Ship  Production  Office,  SEA-075,  can  establish  a 
management  rating  baseline  for  each  shipyard  when  it  surveys  it 
as  a pre-contract  award  requirement.  The  Supervisor  of  Ship— 
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building  can  periodically  advise  on  principal  changes  in  management 
to  alert  all  interested  parties  about  possible  future  effect  on  perform- 
ance of  the  work  force.  This  would  become  another  input  for  the 
Cost  Analysis  Branch  to  use  in  its  guidance  to  estimators. 

(9)  Profit 

The  first  issue  of  the  present  form  of  formal  guidance  for 
profit  in  budget  estimates  was  prepared  by  the  Cost  Analysis  Branch 
in  1973  and  has  been  continued  annually.  Before  1971,  it  was 
policy  to  budget  10  percent  of  cost  for  profit.  As  a result  of  Armed 
Services  Procurement  Regulations  (ASPR)  of  1970,  the  Cost  Analysis 
Branch  developed  a schedule  of  profit  rate  determination  for  use  of 
cost  estimators.  It  consists  of  provisions  for  risk,  level  of  perform- 
ance, and  development  of  facilities;  instructions  for  types  of  con- 
tracts; adjustment  for  return  on  investment  and  a summary  table  of 
all  factors  and  percentage  ranges  for  computation  of  a profit  rate 
to  comply  with  ASPR. 

Estimators  must  budget  10  percent  as  a minimum  profit  on  all 
estimates.  The  maximum  can  exceed  15  percent  if  upper  limits  of 
component  allowance  ranges  are  considered  applicable. 
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To  augment  this  guidance,  the  Branch  tracks  profit  quotations 
in  recent  bids  and  in  contracts  reached  by  negotiations.  An  evalua- 
tion of  market  conditions  as  they  may  affect  profit  quotes  in  future 
bids  is  also  made. 

This  guidance  is  considered  to  be  adequate  for  the  purpose 
and  should  result  in  profit  computations  having  a minimum  of  vari- 
ance from  finally  negotiated  profit  percentages. 

A change  in  profit  applications  may  result  from  a study, 
"Profit  '76,''  which  is  being  processed  for  inclusion  in  ASPR. 

Weight  factors  for  basic  elements  are  being  changed.  Also,  profit 
on  escalation  may  be  applied,  which  is  not  the  practice  now.  Profit 
on  escalation  has  been  applied  to  the  FY  79  budget  estimates  and 
allowances  have  been  added  for  facilities. 
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4.  MANY  IMPROVEMENTS  HAVE  BEEN  MADE  IN  SEA  01 G 
IN  THE  PAST  TEN  YEARS 


As  discussed  elsewhere  in  the  report,  many  studies  have  been  made 
of  NAVSEA's  ship  acquisition  and  cost  estimating.  Partly  as  a result  of 
the  recommendations  attendant  to  these  studies  and  the  realization  that 
the  Cost  Estimating  and  Cost  Analysis  Function  needed  strengthening, 
several  major  improvements  have  been  made. 

(1)  Professional  Staffing  Increased  140  Percent  Between  1969 

And  1972 

In  1969,  the  Cost  Estimating  Function  in  NAVSEA,  now 
SEA  01 G,  numbered  ten.  By  1972  this  number  had  been  raised  to 
24.  At  this  writing,  professional  staff  now  stands  at  21  The 
1969  SCN  Study  led  to  the  creation  of  a Cost  Analysis  Branch 
which  now  has  10  professionals.  This  is  where  most  of  the  growth 
has  taken  place.  The  estimating  branch  grew  from  10  to  14  during 
this  time. 

An  increase  of  three  resulted  in  1974  when  the  three 
NAVORD  estimators  were  combined  with  the  ship  estimators  to 

^Excludes  clerical  and  trainees 
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become  NAVSEA  01  G.  The  NMARC  study  which  was  completed 
in  January  1975  recommended  additional  staffing  for  the  NAVSEA 
01  G cost  estimating  function.  However,  the  only  staff  increase 
was  the  direct  result  of  the  Assistant  Secretary  of  the  Navy  trans- 
ferring three  billets  from  NAVCOMPT  to  NAVSEA  01 G.  The 
overall  gain  in  the  estimating  staff  has  therefore  been  one. 

(2)  Additional  Staff  Has  Made  It  Possible  To  Make  A More 
Systematic  Appraisal  Of  Economic  Factors  That  Have 
Great  Impact  On  Cost  Estimates 

The  new  Cost  Analysis  Branch  has  relieved  the  estimators 
of  some  of  these  cost  analysis  responsibilities  and  now  reviews  and 
analyzes  economic  data  in  a more  regular  and  consistent  manner. 
This  is  covered  in  detail  elsewhere  in  the  study.  To  summarize, 
the  Cost  Analysis  Branch  studies  the  following  on  a regular  basis: 

. Inflation  guidance  to  estimators 

. Labor  cost  guidance  to  estimators 

. Contract  escalation  projections 

. Productivity 

. Overhead  guidance  to  estimators 

. Staff  participation  in  proposal  Technical  Analysis 

Reviews  (TAR) 
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Cost  modeling  for  parametric  estimating  given  CER's 


(3)  SEA  01  G Was  Instrumental  In  Formulating  OPNAV  INST 
7720.2  To  Establish  A Cost  Estimate  Ranking  System 


This  instruction  sets  up  the  following  classification  cf 
estimates. . 

. A.  Detailed  Cost  Estimate  (Post  Budget-Contract 

Estimates)  - estimate  based  on  contract  plans  and 
evaluation  of  firm  quotations  for  major  material 
items. 

. B.  Bid  Evaluation  Cost  Estimate  (Post  Budget  - 

Contract  Estimates  ) - estimates  based  on  contract 
plans  and  evaluation  of  contractor  proposals  in 
response  to  an  RFP. 

. C.  Budget  Quality  Estimate  - estimate  based  on 

an  engineering  analysis  of  detailed  characteristics 
of  items  under  consideration. 

. D.  Feasibility  Estimate  - estimate  based  on  tech- 

nical feasibility  studies  and/or  extrapolated  from 
higher  quality  estimates  of  similar  items. 

. E.  Computer  Estimate  - estimate  developed  usu- 

ally by  a computer  model  and  based  on  cost  esti- 
mating relationships  and  gross  parameters. 

. F.  Ball  Park  Estimate  - quick  cost  estimates 

prepared  in  absence  of  minimum  design  and  cost 
information  and  based  on  gross  parameters. 

. X.  Directed  or  Modified  Cost  Estimate  - estimate 

not  developed  by  SYSCOMS  through  normal  cost 
estimating  processes. 
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(4)  SEA  01  G Hos  Initiated  A Comprehensive  Training  Plan 

For  Their  Personnel  That  Promises  To  Be  Effective  If  Fully 
Implemented 

In  1971  SEA  01  G initiated  a long-range  training  plan  de- 
signed to  give  each  of  the  Cost  Estimating/Cost  Analysis  staff  train- 
ing tailored  to  their  individual  needs.  The  substance  of  the  training 
program  is  described  as  follows: 


Thru  a thorough  examination  of  all  Cost  Estimating 
and  Cost  Analysis  positions,  the  succinct  skills 
and  knowledges  necessary  for  the  employee  to 
efficiently  produce  the  cost  estimates,  cost  studies, 
analysis,  escalation  projections,  budgeting  data, 
etc.,  were  determined.  These  identified  skill/ 
knowledge  requirements  were  then  weighted  to  re- 
flect the  degree  of  importance  to  individual  posi- 
tions . 

Each  employee  was  interviewed  to  determine  the 
extent  he  has  acquired  the  skill/knowledge  require- 
ments identified  for  his  position  thru  formal  training 
or  practical  experiences. 

A schedule  of  training  on  a yearly  basis  was  then 
established  which  emphasized  that  training  most 
needed  to  attain  the  skill/knowledge  requirements 
for  each  position. 

Since  training  in  the  truest  sense  is  not  restricted 
to  formal  classroom  instruction,  but  rather  the 
learning  process  to  be  qualified  or  proficient,  job 
related  training  was  developed  and  expanded  to 
include: 
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Inter-Command  weapon  system  presentation 

On-the-job  training 

Job  rotation 

Workshops 

Seminars 

Selected  readings 
On-site  orientations 


. Allocated  training  based  on  highest  priority  and 

resources  availability. 

. Require  the  preparation  of  a training  critique  form 

upon  completing  training  assignments  which  is  used 
to  evaluate  the  training  as  related  to  the  cost 
estimating  and  cost  analysis  tasks. 

. Plan  flexibility  allows  supervisor  selection  of  train- 

ing to  satisfy  individual  needs,  i.e.  reading  assign- 
ments, short  courses,  state-of-art  training  or  long 
term  formal  education.  Its  format  provides  for  new 
training  listings,  schedule  changes,  etc.,  without 
a major  overhaul  of  the  volumes.  Many  features 
make  the  plan  self-sustaining  including  the  firm 
skill/knowledge  requirements  for  each  position. 

. Operate  and  maintain  a library  of  job  related  period- 

icals, studies,  reports,  texts,  etc.,  for  ready 
reference. 

i 

The  implementation  of  this  plan  has  been  rather  modest 
according  to  the  records  kept  thus  far. 


D-105 


Calendar  Year 


Average  Cost 
Per  Employee 


Average  Training 
Hours  Per  Employee 


1971 

$149 

52 

1972 

34 

22 

1973 

79 

28 

1974 

52 

15 

1975 

74 

33 

1976 

88 

65 

1977 

72 

95 

*Estirrated 


(5)  These  Improvements  Though  Substantial  Were  From  "Ground 
Zero"  And  Much  Remains  To  Be  Done 


It  is  quite  apparent  from  the  numerous  studies  made  in  the  past 
and  in  the  findings  in  this  study  that  the  improvements  in  these  areas 
were  needed  and  still  more  should  be  done  to  provide  the  Navy  with 
a first  class  cost  estimating  and  analysis  operation. 

5.  A SPECIAL  STUDY  SHOWS  OVERHEAD  GROWING  AT  A RATE 
40  PERCENT  GREATER  THAN  DIRECT  LABOR 

The  purpose  of  this  IMA-commissioned  study  (Exhibit  D.1)  was  to  iden- 
tify cost  drivers  in  overhead,  to  predict  the  course  they  may  take  and  to 
demonstrate  how  the  Navy  may  adequately  estimate  shipyard  overhead.  The 
scope  of  the  study  was  limited  to  one  major  shipyard  doing  Navy  work  during 
the  period  of  1969-1975.  Most  data  were  retrieved  from  DCAA  records. 
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(1)  The  Study  Indicates  Rapid  Overhead  Growth 


The  key  observations  of  the  study  regarding  overhead  costs 
are  as  follows: 


Change  orders  grew  by  5.5  percent,  but  length  of 
construction  by  44  percent. 

Labor  man-hours  grew  by  19  percent,  but  labor  costs 
grew  by  53  percent. 

The  most  startling  growth  (among  all  factors)  was  74 
percent  in  overhead,  or  at  a compound  growth  rate 
of  1 1 .8  percent  per  year. 


To  investigate  this  large  overhead  growth,  nine  overhead  sub- 
accounts were  grouped  into  three  major  categories  for  ease  of  anal- 
ysis. The  following  findings  summarize  principal  developments  rel- 
ative to  the  three  categories: 


"Human-related  variable  costs"  grew  by  11.53  per- 
cent per  year.  These  consisted  of  fri  nges  and  benefits, 
indirect  labor,  etc.  Changes  mandated  by  legislation 
accounted  for  23  percent  of  the  total  rise. 

"Semi-variable  costs"  grew  by  23.40  percent  per  year. 
Energy  costs,  home  office  expense,  etc.,  are  included 
in  this  category. 

"Fixed"  costs  grew  by  6.5  percent  per  year,  for  de- 
preciation, taxes,  and  similar  expenses. 


Beyond  the  three  categories,  these  general  observations  can 
be  made; 
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Overall  overhead  expressed  as  a percentage  of 
direct  labor,  increased  by  21 .4  percent  for  the 
shipyard.  Human-related  factors  accounted  for 
71  percent  of  this  rise  and  semi-variable  factors 
for  28  percent,  with  only  ane  percent  by  fixed 
casts.  Only  ane-third  af  those  increases  was 
considered  controllable  by  the  shipyard,  with  the 
major  portion  driven  by  externa  I pressures.  The 
projection  for  each  of  the  nine  sub-accour+s  is 
given  on  Table  D.8.  Growth  af  the  human- 
related  factors  by  1980  is  expected  to  be  at  a 
lower  rate,  whereas  growth  af  other  factors  should 
be  at  a higher  rate. 

Effect  af  delay  in  construction  an  overhead  rate 
varies  with  management.  A well-managed  stretch- 
out to  preserve  labor  efficiency  and  control  indirect 
labor  can  limit  growth  of  overhead  to  20  percent, 
while  a questionably  managed  stretch-out  may 
cause  a growth  of  65  percent.  The  basis  of  these 
conclusions  and  the  consequences  on  a ship's  cost 
are  shown  on  Table  D.9. 


(2)  Overhead  Estimating  And  Forecasting  In  NAV5EA  Needs 
To  Be  Reorganized 

The  present  NAVSEA  procedure  used  to  estimate  and  review 
overhead  for  a project  is  shared  by  several  organizational  entities 
and  requires  three  to  twelve  months  to  complete.  Except  for  budget 
estimates,  including  overhead,  which  SEA  01 G makes,  the  con- 
tracting officers  have  the  principal  burden  of  negotiating  overhead 
rates  via  DCAA . 


The  Technical  Analysis  Review  Procedure  (TAR),  as  presently 
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TABLE  D .8 


STEADY  STATE  MODEL  COMPOSITION  OF  OVERHEAD 

(percent) 


1969 

1975 

1980 

Human  Related  "Variables" 

(Guesstimate) 

Indirect  Labor 

30.9 

22.5 

21.3 

Indirect  Repair  and  IR&D, 
Bid  and  Proposals,  Tools 

5.6 

9.2 

10.5 

Fringes  and  Benefits 

38.9 

42.5 

40.0 

SubTotal 

75.4 

74.2 

71.8 

"Semi-Variable"  Costs 

Maintenance  and  repair 
material 

3.1 

2.0 

1.9 

Ene  rgy  Costs 

3.3 

5.4 

6.0 

Information  Processing/ 
Home  Office  Expense 

0.5 

5.0 

5.7 

SubT  otal 

6.9 

12.4 

13.6 

"Fixed"  Costs 

Depreciation  and  others 

7.0 

4.0 

3.1 

Fixed  Repairs 

2.0 

1.9 

1.8 

General  Overhead 

8.7 

7.5 

9.7 

SubTotal 

17.7 

13.4 

14.6 

TOTAL 

100% 

100% 

100% 
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TABLE  D.9 


EFFECT  OF  DELAY  ON  OVERHEAD  RATE 
(Dollars  in  Millions) 

Example  1 Example  2 Example  3 

"Well  "Questionably  Example  2 

Managed"  Managed"  Adjusted  For 

Budget  Stretch-out  Stretch-out  10%  Escalation 


Material 

50 

50 

50 

61 

Direct  Labor 

50 

50 

55 

67 

Overhead: 

Variable  30 

30 

60 

73 

Fixed  10 

40 

20 

50 

20 

80 

24 

97 

Total  Cost 

140 

150 

185 

225 

Fixed  Fee 

14 

14 

14 

14 

Price  to  U .S .Navy 

154 

164 

199 

239 

Overhead  Rate 

80% 

100% 

145% 

145% 

Assumptions: 

This  project  is  100  percent  of  yard  capacity. 

Time  stretchouts  assumed  to  be  to  twice  the  schedule  (schedule  = 2 years). 
Example  1: 

Stretch-out  due  to  external  forces,  no  increase  in  material  or  direct 
labor.  Prompt  management  response  to  stretchout  preserves  direct 
labor  efficiency  and  reduces  variable  overhead  in  a timely  manner. 

Example  2: 

Stretch-out  due  to  external  forces,  no  increase  in  material.  Direct 
labor  efficiency  drops  by  10  percent  due  to  slow  management  reaction 
to  stretch-out;  overhead  not  curtailed  during  stretch-out. 
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executed,  is  an  evaluation  of  the  reasonableness  of  a low  bidder's 
estimate  and  delivery  schedule.  This  review  is  not  necessari  ly  proof 
that  the  prospective  contractor  is  productive  and  well-managed  nor 
that  its  costs,  including  overhead,  reflect  acceptable  effectiveness. 
No  independent  estimate  is  made  to  determine  if  the  Navy  is 
getting  reasonable  predicted  value  on  fixed  price  incentive  and 
cost  type  contracts,  unless  one  is  considered  necessary. 

(3)  Greater  Attention  To  Overhead  Estimates  Is  Needed 

In  SEA  01 G,  one  person  spends  about  40  percent  of  his  tinre 
preparing  overhead  cost  projections  for  all  shipyards.  The  data  bank 
is  limited  compared  with  what  could  be  considered  optimum,  i.e., 
data  with  detail  based  on  ten  to  twelve  summary  accounts  as  it  is 
available  via  DCAA  for  each  shipyard. 

The  size  of  overhead  costs  and  number  of  shipyards  involved 
in  Navy  contracts  indicate  that  greater  emphasis  on  this  factor  is 
required.  It  should  be  provided  by  a group  of  professionals  skilled 
in  engineering,  business  management,  and  shipbuilding  with  re- 
sources to  spend  one-third  of  its  time  in  the  field  where  the  infor- 
mation is  in  the  proper  form  and  quantity. 
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(4)  Other  Findings  Offer  Potential  For  Overhead  Savings 
To  The  Navy 


The  study  has  developed  certain  findings  that  would  seem  to 
aid  in  providing  better  performance  in  overhead  management. 


Closer  monitoring  of  contractors'  management  by 
qualified  personnel  could  influence  performance  on 
costand  incentive  fee  contracts. 

Overhead  analysis  should  be  carried  out  using  speci- 
fic detailed  costs,  as  outlined  in  the  report,  instead 
of  percentages. 

It  would  be  advantageous  for  SEA  OIG  to  establish 
better  communications  with  PMS,  SUPSHIPS,  and 
DCAA  units. 


It  must  be  recognized  that  this  phase  of  the  study  was  of 
limited  duration  and  involved  examination  of  overhead  costs  from  but 
one  shipyard.  Thus,  while  of  sufficient  depth  to  model  the  various 
elements  of  overhead  with  respect  to  their  variability  and  sensitivity, 
the  data  should  not  be  used  as  a basis  to  forecast  future  trends  in  over- 
head costs  without  analysis  of  a broader  data  base  from  other  shipyards. 

6.  SHIPYARDS  CONSIDER  PROGRAM  STABILITY  TO  BE  ESSENTIAL 
TO  INCREASING  PRODUCTIVITY 

The  purpose  of  this  IMA-commissioned  study  (Exhibit  D.2)  was  to  obtain 
from  the  shipbuilding  industry  an  identification  and  evaluation  of  factors  which 
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affect  productivity,  and  to  present  data  which  would  show  their  effect  upon 
Navy  ship  estimates. 

Fourteen  organizations  were  surveyed,  i.e.,  major  U.S.  shipyards, 
naval  architects,  industry  and  government  agencies,  and  most  agreed  on  the 
general  nature  of  productivity  factors,  but  considered  accurate  estimates  of 
their  effects  difficult  or  impossible  in  most  cases.  To  the  degree  that  it  was 
possible,  the  study  developed  a range  of  quantitative  effects  and  these  are 
presented  in  summary  form  in  this  section. 

Productivity  can  be  measured  by  various  parameters.  There  are  six 
methods  for  applying  input  data  and  five  methods  for  measuring  output, 
thereby  offering  many  combinations  for  obtaining  a result.  Selection  of  the 
method  will  naturally  affect  the  conclusion.  For  this  study,  the  manhour 
input  and  physical  output  combination  was  selected. 

Table  D.IO  shows  the  relevance  of  19  productivity  factors,  numbers 
I-I3g  in  the  heading,  on  31  variables  in  shipyard  operations.  Each  variable 
is  discussed  in  the  referenced  SNAME  paper  10  given  in  November  1976  to 
indicate  its  impact  on  shipbuilding  costs.  They  are  grouped  on  the  Table  into 
three  classes  for  a summary  of  impact,  which  is: 

. Class  I variables,  as  a group,  can  potentially  increase  an 

estimate  by  ten  percent. 
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Special  Wane  Rates 
Goverronent  Regulations 
Fixed/Variable  Overhead 


Class  2 variables  can  increase  it  5-10  percent. 

Class  3 variables  can  increase  it  up  to  five  percent. 


The  majority  of  variables  are  influenced  by  many  of  the  productivity 
factors  as  noted  by  "X"  in  the  table.  This  interrelation  of  effects  makes 
quantitative  determinations  for  each  variable  difficult. 

There  was  close  agreement  among  the  participants  in  the  survey  on 
the  order  of  importance  of  several  factors:  namely, 


Stability  combined  with  labor 
availability  and  turnover  1st 

Navy  considerations  2nd 

Learning  (Series  production)  3rd 

Social  legislation  and  training  4th 

Labor  agreements  5th 


Considerable  importance  was  attached  to  other  factors  by  some  of  the  partici- 
pants, but  there  was  no  clear  majority  opinion  in  these  cases. 

(I)  A Quantitative  Evaluation  Of  Productivity  Factors, 

Although  Difficult,  Has  Been  Attempted 

The  assignment  of  quantitative  values  to  productivity  factors 
is  difficult  for  two  reasons: 


It  is  not  possible  to  predict  the  occurrence  and  timing, 
magnitude  and  duration  for  many  of  the  factors. 

Factors  represent  operating  conditions  rather  than 
estimating  units  or  variables.  They  are  interrelated, 
they  overlap  and  each  affects  or  is  affected  by  a 
number  of  estimating  variables. 


It  is  believed  possible,  however,  to  assign  ranges  of  magni- 
tude to  many  of  the  factors  and  to  make  judgmental  adjustments  on 
other  factors  to  arrive  at  a reasonable  conclusion  as  to  the  direction 
and  amount  of  an  overall  productivity  factor.  These  considerations  are: 


Stability  — Lack  of  a stable  work  program  primarily 
affects  labor  hours.  One  estimate  is  that  it  would 
reduce  productivity  by  as  much  as  35  percent.  This  is 
also  related  to  labor  availability  and  turnover. 

Labor  Availability/Turnover  — Due  to  accession  of 
untrained  employees,  productivity  may  be  50  percent 
of  the  norm  for  established  employees  over  at  least 
one  year,  depending  upon  craft. 

Automation  and  Mechanization  — Initial  effects  on 
productivity  are  adverse  because  of  start-up  problems. 
Subsequently,  savings  are  produced,  but  in  a rela- 
tively small  part  of  the  operation,  particularly  on 
naval  ships. 

Engineering  Capability  — A lack  of  such  capability 
may  cause  losses  of  manhour  productivity  between  5-15 
percent. 

Social  Legislation  — Some  effects  can  be  anticipated. 
Others,  such  as  OSHA,  EEO,  and  EPA  have  to  be 
considered  individually.  In  the  case  of  employee 
expansion,  losses  of  5-10  percent  in  productivity  appear 
possible. 
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Troining  Programs  — Losses  of  about  five  percent  in 
productivity  of  the  existing  workforce  may  occur  be- 
cause of  the  need  for  additional  supervision  and  inter- 
ference of  on-the-job  trainees. 

Labor  Agreements  — The  resulting  cost  increases  can 
be  readily  estimated. 

Increased  Complexity  of  Ships  — Some  losses  in  pro- 
ductivity,  probably  up  to  five  percent,  will  almost 
certainly  occur  and  could  extend  to  15  percent  if  major 
and  complex  design  features,  other  than  weapons,  are 
included  in  a new  ship.  Loss  of  productivity  for  com- 
plexity of  weapons  cannot  be  evaluated  for  the  possible 
variations  in  this  factor,  but  the  work  involved  in  their 
installation  cannot  be  performed  at  levels  of  productiv- 
ity on  similar  work  for  other  systems. 

Shipbuilding  Market  — Fluctuations  will  be  reflected 
in  "Loss  of  Stability"  and,  in  addition,  changes  of 
five  to  ten  percent  in  price  levels  can  occur  with  major 
market  changes. 

Inflation  — This  cannot  be  limited  entirely  to  the  pro- 
jections of  an  escalation  index,  because  this  does  not 
cover  all  cost  increases.  Therefore,  they  must  be  con- 
sidered separately  in  shipyard  pricing. 

General  Economic  Trends  — These  must  be  considered, 
in  making  forecasts  for  almost  all  the  items  discussed 
in  the  foregoing.  The  shipbuilding  industry  does  not 
normally  follow  the  general  economic  pattern. 

Special  Navy  Considerations  — Contract  administra- 
tion,  inspection,  plan  approval,  quality  control,  GFM 
and  GFI  (if  working  well)  will  require  one  to  three 
percent  of  the  total  yard  force.  If  they  are  not  work- 
ing well,  it  will  be  initially  reflected  in  delays,  and 
cause  losses  of  labor  hour  productivity  of  five  to  ten 
percent.  Change  orders  almost  always  cause  lower 
productivity,  even  apart  from  possible  delays. 
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Factors  that  cannot  be  evaluated  quantitatively,  but  must  be 
considered,  require  a judgmental  projection  based  on  recent  experi- 
ence. It  is  also  important  that  in  assigning  values  to  various  factors, 
the  present  position  of  each  prospective  shipyard  is  considered. 

(2)  The  General  Trend  Is  Toward  A Drop  In  Productivity 

Over  The  Last  Five  Years 

One  productivity  trend  indicator  is  available  for  merchant 
ship  construction.  It  is  based  on  compensated  gross  registered  tonnage 
and  shows  improvement  in  productivity  up  to  1970  and  a drop  of  almost 
17  percent  for  the  1971-1975  period.  On  naval  ships,  the  decline  in 
productivity  was  probably  greater  because  of  their  complexity. 

An  unpublished  BLS  series  is  measured  in  dollar  output  per  man- 
hour for  all  shipbuilding  and  repair.  It  also  shows  an  improvement  in 
productivity  to  1970,  but  data  for  1971  and  later  is  not  sufficient  for  a 
projection. 


* * * * * 


The  survey  showed  that  the  factors  believed  to  have  major 
effects  on  shipyard  productivity  in  order  of  importance  are:  stability 
of  operations  and  workforce,  special  Navy  considerations,  improve- 
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merit  by  series  production,  social  legislation  and  training,  and  labor 
agreements.  There  was  no  general  consensus  on  the  relative  impor- 
tance of  the  other  factors. 

Only  a limited  number  of  quantitative  evaluations  are  avail- 
able from  the  survey.  It  is  concluded,  however,  that  manhours  may 
be  doubled  and  cost  increased  by  half  over  previous  performance  if 
all  factors  have  their  greatest  unfavorable  effects. 

All  factors  are  of  such  importance  that  they  should  be  evalu- 
ated quantitatively  when  possible.  Factors  should  be  further  evalu- 
ated, by  judgment,  for  the  probable  effects  where  only  a qualitative 
approach  is  possible.  This  should  be  done  separately  for  different 
programs  and  each  shipyard. 

7.  THE  DEFENSE  CONTRACT  AUDIT  AGENCY  (DCAA)  COULD  BE 
AN  IMPORTANT  SOURCE  OF  COST  DATA  FOR  THE  NAVY 

The  DCAA  was  established  in  1965  to  provide  a centralized  contract 
auditing  service  for  the  Department  of  Defense.  The  purpose  of  contract 
auditing  is  to  assist  in  achieving  the  objective  of  prudent  contracting  by  pro- 
viding those  responsible  for  procurement  and  contract  administration  with 
financial  information  and  advice  on  proposed  or  existing  contracts  and  con- 
tractors. Audit  services  of  the  Defense  Contract  Audit  Agency  are  utilized 
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by  procurement  and  contract  administration  activities  in  connection  with  the 
negotiation,  administration,  and  settlement  of  contract  payments  or  prices 
which  are  based  on  cost,  or  on  cost  analysis. 


(I)  The  DCAA  Has  Wide  Ranging  Responsibilities  And  A Large 
And  Widely  Dispersed  StafT^ 


The  responsibilities  of  the  DCAA  are  set  forth  as  follows  by 
DOD  INST.  5105.36: 

"Performing  all  necessary  contract  audit  for  the  Department 
of  Defense  and  providing  accounting  and  financial  advisory 
services  regarding  contracts  and  subcontracts  to  all  Depart- 
ment of  Defense  components  responsible  for  procurement  and 
contract  administration.  These  services  will  be  provided  in 
connection  with  negotiation,  administration,  and  settlement 
of  contracts  and  subcontracts." 


DCAA  operates  independent  of  control  by  the  Services  (i.e.,  Army, 
Navy  and  Air  Force),  is  self  funded,  has  2800  employees  and  300 
offices  broken  down  into  six  geographic  regions. 

DCAA  answers  directly  to  the  SECDEF  by  receiving  supervi- 
sion from  Asst.  Secretary  of  Defense  (Compt).  They  operate  through 
the  six  regional  managers.  The  shipbuilding  function  operates  out  of 
the  SupShip  Offices.  This  field  support  gives  assistance  to  the  Con- 
tracting Officer  and  the  Contract  Administrator. 
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Figure  D.ll  is  a simplified  diagram  which  shows  the  DCAA 
position  in  the  DOD  hierarchy.  Policy  supervision  for  DCAA  flows 
from  Assistant  Secretary  of  Defense  (Comptroller). 

Figure  D.I2  is  the  basic  organization  of  DCAA.  The  bulk  of 
the  work  is  done  by  the  staff  of  the  six  Regional  Managers.  To  facili- 
tate Navy  audits  the  Regional  Managers  have  offices  in  the  SUPSHIPS 
offices,  or  at  least  in  close  proximity  to  these  offices  and  the  ship- 
yards. 

(2)  The  DCAA  Provide  Services  To  The  Navy  At  Three  Stages 

Of  Procurement 

The  DCAA  must  audit,  examine  and/or  review  contractors' 
and  subcontractors'  accounts,  records,  documents,  and  other  evidence; 
systems  of  internal  control;  accounting,  costing,  and  general  business 
practices  and  procedures.  In  carrying  out  these  functions,  DCAA  pro- 
vides a valuable  service  to  the  Navy  in  the  following  areas. 

. Pre-Award  — during  this  period,  while  the  con- 

tractor's proposal  is  under  review,  the  DCAA  will: 

- Check  actual  overhead  rates  used  in  the  past 

and  check  reasonable  future  projections 

Check  labor  rates  — - union  agreement 

Check  labor  hours  — they  will  check  the 
contractor  projection 
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- Check  material  price  quotations  with  quantity 
requirements  verified  by  Navy 

- Check  profit  assumptions 

Contract  Period  — DCAA  makes  periodic  audits  of  all 
costs  incurred  that  cover  the  entire  spectrum  of  con- 
siderations. This  is  required  on  all  CPFF  and  FPI  con- 
tracts. Checks  progress  payment  system  ~ not  cash 
payment. 

Post  Contract  — final  audit  required  to  determine  final 
fee  (profit)  and  where  claims  are  included  to  validate 
actual  costs. 


(3)  DCAA  Could  Be  Of  Greater  Assistance  To  The  Navy  By 

Providing  Return  Cost  Information  If  Requested  To  Do  So 

Although  DCAA  audits  are  usually  in  the  form  of  reports  by 
exception,  i.e.,  matters  they  feel  could  be  improved  or  are  out  of 
order,  DCAA  would  consider  providing  and  evaluating  return  cost  data 
in  a prescribed  manner  for  SEA  01 G for  their  use  in  future  estimating 
if  requested.  DCAA  advised  that  as  a matter  of  course,  the  Air  Force 
uses  DCAA  audit  findings  in  a data  bank  used  to  make  the  Independent 
Cost  Estimates. 

DCAA  makes  a continual  Operational  (OP)  Audit  of  defense 
contractors  and  recommends  to  the  shipyard  what  they  believe  would 
be  operational  improvements.  These  are  discussed  with  the  shipyard 
for  desirability  and  feasibility.  A "Should  Cost"  review,  on  the  other 
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hand,  should  build  upon  the  OP  Audit  and  is  aimed  at  reducing  the 
cost  on  a specific  contract. 

Another  area  where  DCAA  assists  the  Navy  is  the  verification 
of  the  methods  used  in  handling  scrap  and  salvagables  including  checks 
for  excess  material  usage. 

(4)  Conclusion 

Although  the  Navy  material  procurement  and  contract  admin- 
istration process  is  subject  to  DCAA  audits  and  the  Navy  avails  itself 
of  its  services,  the  cost  information  available  in  DCAA  is  not  used  to 
any  appreciable  extent  by  the  ship  cost  estimators. 
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THE  QUALITY  OF  SHIP  COST  ESTIMATES  IS  A 
FUNCTION  OF  ESTIMATING  STAFF  COMPETENCE, 

PRODUCT  DEFINITION  AND  CERTAINTY  OF 
CONSTRUCTION  PERIOD 

The  ingredients  needed  to  accurately  estimate  the  cost  of  Navy  ships 
may  be  placed  into  three  broad  groups,  i.e.,  the  qualifications  and  compe- 
tency of  the  estimating  staff,  a detailed  description  of  the  end  product  and 
precise  knowledge  of  the  time  frame  in  which  the  product  is  to  be  manufac- 
tured. These  requirements  are  discussed  in  this  chapter.  They  include  findings 
from  data  uncovered  in  interviews  with  appropriate  personnel  and  from  written 
records . 

I.  THE  PERFORMANCE  OF  THE  COST  ESTIMATE  AND  ANALYSIS 
DIVISION  HAS  BEEN  MEASURED  BY  EVALUATION  OF  THEIR 
ORGANIZATION,  CAPABILITY  AND  SUCCESS  IN  PREDICTING  COSTS 

To  determine  the  capability  of  the  Cost  Analysis  and  Cost  Estimating 
Division  (SEA  OIG)  to  make  shipbuilding  estimates,  interview  and  rating  forms 
were  developed  and  used  in  interviews  with  twenty-three  presently  employed 
professional  personnel.  In  the  ten  year  period  studied,  1966-1976,  there  were 
twenty  other  professionals  employed  in  the  division  at  various  times.  Interviews 
were  conducted  with  five  former  employees  and  ratings  were  developed  for 
eleven  others  through  personnel  records,  thereby  covering  91%  of  the  total 
roster. 
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Desk  interviews  of  up  to  two  hours  duration  were  held  with  each  of 
the  current  staff.  These  were  followed  by  numerous  discussions  held  over  a 
three  month  period  with  key  personnel  in  order  that  their  responsibilities, 
operations  and  problems  could  be  thoroughly  identified.  The  results  are 
reported  elsewhere  in  this  report.  Although  some  capabilities  and  weaknesses 
were  also  noted  at  previous  points,  they  were  not  summarized,  which  is  the 
purpose  of  this  section  of  the  report. 

In  addition  to  the  interviews,  samples  of  estimates,  guidances,  data 
banks,  references  and  other  elements  that  constitute  the  working  environment 
within  SEA  OIG  were  examined. 

Interviews  were  held  also  with  several  SHAPMs  and  contract  nego- 
tiators within  NAVSEA,  and  with  some  staff  of  OP  96D  in  the  CNO's  office. 
General  information  obtained  is  included  elsewhere  in  this  report.  The  extent 
that  their  work  and  comments  impinge  on  SEA  OIG  will  be  noted  in  this 
section.  Other  pertinent  factors  from  these  sources  will  be  covered  later  in 
assessments  of  Navy's  overall  estimating  capability. 

Visits  were  made  to  estimating  departments  of  three  major  shipyards  and 
tbeir  practices  were  reviewed.  Detailed  reports  also  are  included  elsewhere; 
but  findings  relating  to  SEA  OIG  are  noted  in  this  section. 

i 
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Result  of  the  desk  audit  were  assembled  and  are  presented  here  in 
graph  or  summary  form  for  as  much  of  the  1966-1976  period  as  it  was  possible  to 
obtain.  These  illustrations  give  a general  description  of  capability  trends  and 
factors  affecting  them. 

(1 ) Experience  And  Grade  Level  In  SEA  01  G Are  On  A Downward 

Trend 

Figure  D.13  shows  that  the  trend  of  average  capability  (education 
and  experience  factors)  has  been  falling  since  1974.  This  is  attributable 
to  the  departure  of  several  experienced  personnel,  all  GS  13-15,  and 
the  influx  of  recent  college  graduates  or  people  with  less  experience  to 
replace  them  at  lower  grades.  Exhibit  D.3  describes  the  method  used  to 
determine  a capability  index.  Table  D.ll  shows  the  large  and  adverse 
change  in  experience  of  personnel  in  recent  years.  Since  Navy  personnel 
policies  calling  for  a reduction  of  the  average  grade  level  are  to  be  in 
effect  until  1981,  a reversal  of  the  trend  cannot  be  expected.  This  policy 
also  limits  the  Navy's  ability  to  hire  experienced  people. 

A comparison  graph.  Figure  D.14,  shows  a relative  measure  of 
total  capabiliy  in  the  Division.  As  the  number  of  personnel  increases, 
principally  because  of  the  addition  of  the  Combat  Systems  Estimating 
Section  in  1974,  the  total  capability  increased  accordingly.  However, 
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CCST  ESTI MATING  & ANALYSIS  DIVISION,  SEA  01G 
Years  of  Experience  in  the  Division  of  Professionals  as  of  Dec.  1976 


Persons 

Persons 

Persons 

Persons 

Number  of  Years 

in  1976 

in  1975 

in  1974 

in  1973 

1 

6 

4 

3 

0 

l 

5 

3 

0 

0 

3 

n 

0 

0 

0 

3 

4 

0 

0 

2 

3 

5 

0 

2 

3 

5 

6 

1 

3 

5 

4 

7 

2 

2 

4 

1 

8 

2 

4 

0 

1 

9 or  over 

4 

1 

1 

1 

Totals 

23 

19 

18 

18 

3 years  or  less 

61% 

37% 

17% 

1 7% 

Over  5 years 

39% 

53% 

55% 

39% 
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FIGURE  D.  13 


TREND  OF  AVERAGE  CAPABILITY  OF  PROFESSIONAL  STAFF 

SEA-01  G 


YEARS  (IN  JAN.) 


PREPARED  BY  IMA 
SEPT.,  1977 
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FIGURE  D.  14 


TREND  OF  TOTAL  CAPABILITY  OF  PROFESSIONAL  STAFF 

SEA-01G 


PREPARED  BY  IMA 


SEPT.,  1977 
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FIGURE  D.15 


TREND  OF  AVERAGE  GRADE  LEVEL  OF  PROFESSIONALS 

SEA-01  G 


14 


13 


12 


11 


10 
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in  1976  it  still  was  less  than  it  was  at  its  peak  in  1972,  when  the  staff 
was  about  the  same  because  of  the  personnel  changes  noted  previously. 
Again,  the  projected  total  capability  will  not  increase  substantially 
unless  addition  of  experienced  staff  is  possible. 

Figure  D.I5  shows  the  reducing  effect  of  personnel  changes  in 
the  past  several  years  on  average  grade  level.  A small  drop  is 
shown  for  1977,  which  is  not  conducive  to  retention  of  more  capable 
personnel  now  at  lower  grades. 

Further  insight  into  the  capability  of  the  current  staff  was  ob- 
tained by  a detailed  review  of  education  and  experience  records 
obtained  during  the  desk  interviews.  Because  the  previous  graphs  pre- 
sent the  relative  value  of  these  factors  collectively,  a detailed  analysis 
of  education  and  experience  of  personnel  for  past  years  was  not  con- 
sidered sufficiently  pertinent  and  was  not  done. 

(2)  The  Educational  Background  of  the  Current  Staff  is 

Exceptionally  High 

The  educational  background  of  the  current  staff  is  exceptionally 
high  and  is  considerably  above  the  level  of  estimators  in  the  private 
shipyards  surveyed.  Bachelor  degrees  are  held  by  91%  of  the  staff  and 
advanced  degrees  are  held  by  23%.  Most  personnel  in  the  estimating 
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group  have  a mix  of  engineering  degrees;  whereas  in  the  analysis 
group,  degrees  in  mathematics,  business  and  economics  predominate. 

This  composition  is  ideal  for  the  nature  of  eoch  group's  work.  The 
skills  are  generally  well  placed.  Personnel  with  odditionol  degrees  in 
computer  sciences,  or  troining  for  computer  work,  ond  o low  degree 
further  round  out  the  stoff  background. 

The  only  basic  talents  considered  lacking  among  the  staff  are  a 
cost  accounting  or  auditing  specialist  and  a purchasing  agent.  Both 
skills  would  be  beneficiol  to  current  work  ond  would  increose  in  volue 
if  more  returned  costs  were  available.  In  private  industry,  estimating 
departments  work  closely  with  accounting  and  purchasing  departments  for 
current  costs  of  moteriols,  labor  ond  overheod,  ond  SEA  01 G could  use 
the  same  type  of  assistance  in  its  task. 

An  observation  regarding  the  staff's  educotional  background  is 
that  it  may  be  overeducated  for  some  of  the  work  required.  In  fact,  a 
number  of  people  expressed  the  concern  that  they  cannot  work  to  their 
intellectual  capacity.  A well-educated  staff  without  a desiroble  lodder 
for  promotion  can  be  expected  to  experience  turnover  on  a routine  basis, 
thereby  preventing  the  overoll  capability  of  the  Division  to  grow  steodily. 
In  industry,  the  typical  newcomer  into  an  estimating  department  is 
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a high  school  graduate  with  some  college  education  and  considera- 
ble experience  in  the  shipyard's  production  or  engineering  divi- 
sions. More  importantly,  he  considers  estimating  as  a big  step-up 
in  his  career. 

(3)  A Lack  of  Shipyard  Experience  is  Evident 

The  following  set  of  data  shows  the  experience  background 
of  current  staff  in  SEA  01 G. 


Average  number  of  years  of  cost  analysis  or 
estimating  in  Navy.  5.7 

Average  number  of  years  of  cost  analysis  or 
estimating  elsewhere  1 .6 

Average  number  of  years  of  shipyard  experience  1 .3 

Average  number  of  years  of  other  construction 
experience  1.6 


Average  number  of  years  of  engineering  experience  4.2 
Average  number  of  years  of  shipboard  experience  0.9 
Averoge  Years  Total  Experience  15.3 
The  average  total  experience  is  an  adequate  background  for 
estimating  and  analysis;  however,  it  is  somewhat  misleading  as  a 
guide  to  capability  since  it  is  lodged  principally  in  the  39%  of 
staff  with  5 or  more  years  of  experience.  The  preceding  break- 
down of  personnel  experience  (Table  D.ll)  shows  how  rapidly  this 
group  has  declined  in  size.  The  average  5.7  years  of  estimating 
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in  the  Navy  is  similarly  misleading  since  it  also  is  lodged  principally 
in  the  same  group. 

The  most  important  indicator  on  the  chart  relative  to  capability 
is  the  very  low  shipyard  work  experience  of  1.3  years  per  person.  This 
is  considerably  below  the  average  of  estimators  in  private  shipyards  and 
is  a significant  obstacle  to  material  and  labor  cost  analysis  and  estim- 
ating, even  for  the  parametric  or  analogous  methods  used.  As  noted 
elsewhere,  estimators  themselves  were  concerned  about  their  lack  of 
shipyard  exposure.  The  staff  would  be  seriously  handicapped  because  of 
this  factor  if  it  had  to  make  detailed  engineering  estimates  and  would 
have  problems  with  a three  digit  ship  weight  breakdown,  which  it  needs 
now  to  promote  accuracy. 

Because  of  over-education  in  some  of  the  staff  and  lack  of  prac- 
tical experience  overall,  the  Division  could  improve  in  the  long  range 
by  future  recruitment  of  a few  employees  with  less  formal  education  and 
more  practical  training  and  experience  in  shipbuilding.  It  is  estimated 
that  there  are  about  1,500  people  classified  as  planners  or  estimators 
in  Navy  field  activities  that  could  be  considered  as  possible  sources  to 
draw  from  for  additions  to  the  SEA  OIG  staff. 

(4)  The  Key  Factor  in  Cost  Analysis  and  Estimating  is  Judgment 

Analysts  require  judgment  to  evaluate  and  interpret  large 


D-136 


amounts  of  varied  reference  bits,  adjust  them  as  needed,  and 
make  projections  for  current  and  future  use  in  guidance  and 
data  banks,  because  they  rarely  fit  the  instant  case  precisely. 

This  is  particularly  so  since  the  new  SWBS  system  was  established 
and  ships  have  increosed  in  complexity.  Dota  banks  in  SEA  OIG 
are  relatively  old  becouse  of  the  long  time  it  tokes  to  build  ships 
and  obtain  returned  costs.  As  more  recent  data  become  ovailoble, 
they  must  be  thoroughly  judged  for  accuracy  and  comparability 
before  they  can  be  used  with  complete  confidence. 

(5)  Training  and  Experience  are  Vital 

Training  and  experience  in  the  shipbuilding  process  are 
vital  to  the  development  of  proper  judgment  in  estimotors,  and 
somewhat  less  so  for  analysts  in  the  work  they  are  presently  doing. 
As  previously  indicated,  SEA  OIG  is  very  thin  on  such  experience. 
Its  level  of  achievement  can  be  attributed  to  the  expertise  of  a 
few  ond  also  to  greatly  improving  guidonce  from  the  Anolysis 
Branch.  If  some  key  personnel  were  lost,  the  present  capability 
would  be  seriously  depleted. 

Various  comments  about  the  obility  of  SEA  OIG  were  made 
by  officials  interviewed  during  this  study.  In  brief  they  were: 
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"fine,  but  very  thin";  "thin  force  that  gets  hit  hard  by  many  at 
the  same  time";  "overworked";  "hardly  consonant  with  the 
money  involved";  "good  job  under  the  circumstances";  "grade 
structure  is  too  low";  "too  few  good  estimators";  "needs  more  staff 
and  talent";  "understaffed";  "thin";  and  "should  have  one  esti- 
mator per  program  and  not  one  for  four  programs".  These 
remarks  characterize  the  same  observations  made  in  detailed  de- 
scriptions of  the  nature  and  work  of  the  Division  that  are 
presented  elsewhere  in  this  report. 

Training  programs  are  conducted  by  Navy  to  improve 
skills  of  all  personnel  in  SEA  OIG;  however,  they  do  not  address 
themselves  to  the  most  urgent  need  for  more  shipyard  experience. 
Since  the  work  schedule  and  lack  of  travel  funds  do  not  permit 
temporary  assignment  of  present  staff  in  shipyards  to  gain  the 
requisite  experience,  it  is  suggested  that  additional  personnel 
be  obtained  as  indicated  below,  not  only  to  provide  needed 
experience  and  judgment  but  also  to  alleviate  the  existing  workload 
situation. 

. A change  order  estimator  from  a SupShip  Office 

. A ship  repair  cost  estimator  from  a naval  shipyard 

. An  ordnance  manufacturing  estimator  from  a naval 
arsenal  or  from  within  NAVSEA06 
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Recruitment  from  Government  field  offices  would  serve  the  interests 
of  personnel  policies  and  provide  required  practical  experience  and 
familiarity  with  naval  work.  Addition  of  these  personnel  plus  an 
accountant  and  purchasing  agent  noted  previously  would  increase 
SEA  OIG's  capability  substantially  to  do  present  work  and  increase 
the  scope  and  depth  of  analysis. 

(6)  The  Most  Important  Task  of  SEA  OIG  is  to  Make  Accurate 

Class  “C"  Budget  Quality  Estimates 

These  estimates,  by  definition,  are  supposed  to  be  based  on 
an  engineering  analysis.  Each  estimate  is  made  to  represent  the 
expected  average  of  shipyards'  bids  for  the  ship  involved.  Between 
40  and  80  manhours  are  spent  in  estimating  and  analysis  of  any  one 
estimate  for  each  ship  project,  depending  on  type  of  ship  and  equip- 
ment. The  work  is  done  two  years  in  advance  of  requests  for  bids 
and,  especially  for  new  ship  types,  is  generally  based  on  the  few 
characteristics  that  are  available  at  the  time  which  are  also 
subject  to  continuing  review  and  change.  They  are  in  a better  posi- 
tion on  repeat  ship  types  already  in  production. 

By  contrast,  shipyards  prepare  their  bids  from  contract  plans 
and  specifically  in  a detailed  engineering  fashion,  using  in  the  order 

i 
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of  6,000  manhours  for  a commercial  ship  and  30,000  manhours  for  a 
naval  ship.  They  work  with  actual  labor  costs,  hundreds  of  vendor 
quotations,  and  timely  information  from  accounting,  production  and 
engineering  departments.  The  expected  variance  from  eventual  end 
cost  is  2%.  A variance  of  -8%  is  a major  catastrophe  calling  for 
personnel  changes  in  the  culpable  department. 

2.  WEIGHT  ESTIMATES  REPRESENTS  PRODUCT  DEFINITION  AND 
IS  PROBABLY  THE  SINGLE  MOST  IMPORTANT  ELEMENT 
PRESENTLY  GOING  INTO  NAVY  ESTIMATES 

In  the  present  estimating  procedure,  weights  are  used  almost  exclusively 
as  a means  of  translating  ship  characteristics  into  a medium  for  estimating. 

As  described  in  detail  earlier,  the  usual  estimating  form  consists  of  multiplying 
the  ship's  weight  broken  down  in  7 weight  groups  by  appropriate  manhours  and 
dollars  per  ton  to  develop  the  basic  ship  cost.  The  weights  used  are  prepared 
by  NAVSEC  and  they  evolve  with  increased  reliability  as  the  ship  design 
develops. 

(I)  The  First  Weight  Estimating  Calculations  Are 
Made  During  the  Feasibility  Study  Stage 

These  estimates  are  computer  derived  in  three  digit  format; 
however,  due  to  the  nature  of  the  program  the  total  of  the  single 

digit  sum  of  the  three  digit  values  is  reasonably  correct.  Figure  D.I6 

i 
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shows  a single  digit  breakdown  and  Figure  D.l 7 shows  a portion  of 
the  two  and  three  digit  breakdown  to  illustrate  the  refinement  of 
data  produced.  These  weights  are  only  good  for  developing  a 
measure  of  merit  between  a number  of  concepts  or  to  make  a sensi- 
tivity analysis. 

Computer  programs  have  been  developed  for  a number  of 
ship  types  using  statistical  weight  data  in  the  form  of  algorithms. 

The  usual  output  at  the  feasibility  stage  will  consist  of  a single 
sheet  characteristic  and  the  single  digit  weight  read-out.  This  is 
considered  satisfactory  for  E or  F class  estimates. 

(2)  The  Next  Stage  of  Design  Development  is  the  Conceptual 

Design 

At  this  point,  one  of  the  feasibility  designs  has  been  selected 
for  further  development.  The  degree  of  design  definition  at  this 
stage  that  relates  to  weight  development  includes  machinery  and 
electrical  equipment  lists,  general  arrangement  sketches,  possibly  a 
midship  section,  weapon  list,  etc.  From  this  data  a three  digit  weight 
estimate  Is  developed  primarily  by  comparing  each  system  with  a calcu- 
lated weight  of  a similar  completed  ship.  There  is  no  attempt  at 
this  stage  in  the  design  to  make  sketches  for  the  purpose  of  estimating 
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FIGURE  D.  16 

EXAMPLE  OF  SHIP  BREAKDOWN  SYSTEM  GROUPINGS 
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piping  systems  or  electric  cable  and  fixtures.  The  accuracy  of  these 
weights  is  such  that  they  usually  add  a margin  of  10%. 

The  data  bank  is  composed  primarily  of  quarterly  weight 
reports  and  inclining  experiment  results  calculated  by  the  shipbuilder. 
The  weight  data  is  about  90%  calculated  and  10%  actually  weighed. 

At  this  point  in  the  design  the  three  digit  weights  are  considered  to 
be  much  better  than  those  in  the  feasibility  stage  and  good  enough 
for  a D class  estimate. 

(3)  The  Next  Stage  is  Preliminary/Contract  Design 

Very  often  there  is  not  a clean  cut-off  point  between  prelimin- 
ary design  and  contract  design,  but  as  the  design  passes  through  the 
DSARC  review  it  becomes  firmer  and  the  weight  estimate  becomes 
better.  At  this  point  in  the  design  the  weight  data  should  be  of  high 
quality  and  reflect  the  most  recent  available  return  weights  for  ships 
of  the  class  being  estimated.  By  the  time  the  design  meets  the 
definition  of  a Preliminary  Design,  a class  "C"  estimate  could  be 
made  if  time  permitted. 
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(4)  Under  the  Present  Organizational  Arrangement 
the  SHAPM  is  the  NAYS  EC  Customer  for  Design 
and  Technical  Services 


As  the  customer,  the  SHAPM  is  the  primary  NAVSEA  contact 
with  NAVSEC.  Accordingly,  communication  between  SEA  OIG  and 
NAVSEC  is  on  a casual  basis  only  and  SEA  OIG  cannot  task  NAVSEC 
directly. 


Close  communication  between  SEA  OIG  and  NAVSEC  is 
needed  in  order  for  SEA  OIG  to  be  fully  informed  on  design  changes 
that  can  and  do  take  place  during  the  period  cost  estimates  are  being 
prepared  for  the  budget.  Design  changes  can  have  a substantial 
impact  on  cost  estimates. 

As  an  example,  a review  of  the  design  and  weight 
input  developed  by  NAVSEC  for  a small  combat  ship  showed 
substantial  weight  growth  as  the  design  evolved.  Weight  growth 
during  preliminary  design  was  25%  and  during  contract  design 
8%  more  growth  was  noted.  A cost  estimate  prepared  during  an 
earlier  stage  of  design,  i.e.,  conceptual  stage,  could  be  as 
much  as  30%  off  from  this  cause  alone. 
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It  is  apparent  that  better  estimates  can  be  prepared 
if  direct  communication  between  SEA  OIG  and  NAVSEC  is 
improved  and  if  estimates  are  prepared  on  the  basis  of  pre- 
liminary design  data. 

3.  SHIPBUILDING  PROGRAM  COSTS  ARE  HIGHLY  DEPENDENT 

UPON  ACCURATE  AWARD  AND  CONSTRUCTION  SCHEDULES 

As  discussed  in  detail  elsewhere  in  this  report,  the  task  of  pre- 
paring a ship  estimate  for  inclusion  in  a five  year  program,  or  for  a spe- 
cific budget  year,  is  performed  in  two  rather  discrete  operations.  The 
first  operation  involves  the  preparation  of  a parametric  or  engineering 
estimate  for  the  ship  which  provides  the  building  block  or  baseline  for 
use  in  estimating  the  cost  of  a shipbuilding  program.  The  second  opera- 
tion involves  the  development  of  program  costs  given  a profile  of  the 
number  of  ships  to  be  authorized  each  year,  information  on  proposed  award 
dates,  construction  schedules,  procurement  plans,  escalation  rates  and 
the  like.  These  program  costs  are  provided  to  the  Congress  in  the 
form  of  budgets,  authorization  requests  and  five  year  programs.  If 
the  schedules  by  which  the  ships  are  to  be  built  are  optimistic  and 
delays  occur,  program  costs  almost  invariably  increase. 

(1)  Ships  are  not  being  completed  on  their  planned  de- 
livery dates 

A review  of  selected  ships  authorized  in  FY  1970,  and 
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later  and  now  under  construction  was  conducted  to  determine 


the  delay  in  ship  delivery  dates  as  compared  to  originally 
planned  dates.  The  information  on  originally  planned 
delivery  dates  was  taken  from  data  supplied  by  the  Navy 
to  the  Senate  Armed  Services  Committee  in  hearings  held 
in  February  1976.  Current  delivery  dates  and  completion 
percentages  were  taken  from  the  December  1976  Monthly 
Progress  Report  prepared  by  NAVSEA.  The  specific  ships 
considered  are  listed  on  Table  D.I2.  The  review  was  limited 
to  ships  with  10%  or  more  progress  since  predicted  delivery 
dates  should  be  more  accurate  once  the  work  is  underway. 
Reviews  also  were  conducted  of  ships  with  25%  or  more 
progress  and  50%  or  more  progress  to  explore  the  change  in 
predicted  delivery  dates  as  work  progresses.  This  review 
is  summarized  at  the  end  of  Table  D.12: 
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TABLE  D.  12 


SHIP  DELIVERY  DELAYS 


Fiscal  Quarters  Delay 


0.' 

/O 

C urrent 

Original  Contract 

Orig.  to 

Contr. 

Ship 

Comp  . 

Del . Date 

Del . Date  Del . Date 

Current 

Current 

FFG  7 

69.2 

1-78 

3-77  2-77 

2 

3 

LHA  2 

93.7 

4-77 

3-73  4-73 

17 

16 

" 3 

82.6 

1-79 

4-73  2-73 

21 

23 

" 4 

76.3 

4-79 

2-74  2-74 

22 

22 

" 5 

72.0 

2-80 

4-74  4-74 

22 

22 

DD  972 

94.1 

4-77 

4-76  4-76 

4 

4 

" 978 

93.1 

2-78 

2-77  2-77 

4 

4 

" 979 

90.3 

3-78 

3-77  3-77 

4 

4 

" 985 

81 .6 

2-79 

1-78  1-78 

5 

5 

" 986 

81.1 

2-79 

1-78  1-78 

5 

5 

" 992 

78.8 

4-79 

3-78  3-78 

5 

5 

CVN  69 

89.4 

1-78 

3-74  4-75 

14 

9 

CGN  39 

81.3 

4-77 

1 -76  3-76 

7 

5 

SSN  691 

80.6 

1-78 

2-75  1 -76 

11 

8 

" 693 

69.1 

3-78 

3-75  3-76 

12 

8 

CGN  40 

61 .4 

4-78 

4-76  4-76 

8 

8 

SSN  695 

57.2 

1-79 

4-76  4-76 

9 

9 

17  Ships  50%  or 

more  complete 

SSN  699 

49.1 

2-79 

3-77  3-77 

7 

7 

" 700 

39.3 

3-79 

4-77  1-78 

7 

6 

SSBN  726 

33.3 

1-79 

1-78  3-79 

4 

-2 

AS  39 

36.0 

4-78 

4-75  4-78 

12 

0 

4 

Ships  25%  to 

50%  complete 

AS  40 

22.1 

2-79 

3-76  2-79 

1 1 

0 

SSN  705 

13.4 

4-80 

3-78  3-79 

9 

5 

" 706 

11.9 

1-81 

4-78  4-79 

9 

5 

SSBN  727 

17.2 

1-80 

4-78  3-80 

5 

-2 

TATF  166 

13.0 

4-78 

1-78  4-78 

3 

0 

CVN  70 

16.9 

4-80 

4-80 

0 

0 

CGN  41 

16.9 

3-80 

1 -79  1 -79 

6 

6 

7 

Ships  1 0%  to 

25%  complete 

(continued) 
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TABLE  D.12(cont.) 
(Summary) 


10%  up 

25%  up 

50% 

Years  Delay 

Original  to  Current 

61 

50 

43 

Contract  to  Current 

46 

43 

40 

No.  of  Ships 

28 

21 

17 

Years/Ship 

Original  vs  Current 

2.2 

2.4 

2.5 

Contract  vs  Current 

1.6 

2.0 

2.4 

SOURCES: 

Senate  Armed  Services 

Committee 

Hearings, 

February  1976 

NAVSEA,  December  1976  Monthly  Progress 
Report 


D-148 


Ship  cost  estimates  contained  in  budget  requests  are  presumed 
to  be  based  on  the  originally  planned  delivery  date  and,  if  allowances 
are  made  for  delays,  they  certainly  are  not  of  the  magnitude  of  the 
two  to  two  and  one-half  year  average  indicated  in  Table  D.13. 

TABLE  D.13 

ORIGINAL  VERSUS  CURRENT  DELIVERY  DATES 


10%  up 

25%  up 

50%  up 

No.  of  ships 

28 

21 

17 

Total  Years  Delay 

61 

50 

43 

Years  Delay/Ship  (Average) 

2.2 

2.4 

2.5 

Refined  estimates  of  the  impact  of  these  delays  on  costs  can 
only  be  made  on  an  extremely  detailed  ship-by-ship  basis.  It  is  pos- 
sible, however,  to  develop  a rough  estimate  using  manning  curves 
and  inflation  rates.  Figure  D.18  shows  for  the  CVN  69  the  manning 
plan  used  to  budget  the  funds  appropriated  by  the  Congress  and  the 
current  manning  plan  which  is  made  up  of  actual  manning  and  a pro- 
jection to  completion.  The  points  at  which  50  percent  of  the  direct 
labor  have  been  expended  are  3 1/4  years.  As  originally 
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budgeted,  about  62%  of  the  costs  of  the  CVN  69  were  in  the 
basic  construction  contract  and,  thus,  subject  to  this  3 1/4 
year  delay. 

Similar  analyses  were  made  for  the  LHA  2 and  the  AS  39. 
The  corresponding  delays  and  percentages  are:  LHA  2,  2 1/4 
years,  88%;  AS  39,  3 years,  78%. 

The  cost  of  these  delays  was  approximated  by  using  the 
above  data  and  the  ship  price  inflation  index.  Figure  D.  19, 
developed  by  NAVSEA.  Figure  D.  19,  indicates  that  the 
inflation  in  the  price  of  ships  is  about  1 1 1/2%  per  year  during 
the  years  in  which  the  delivery  delays  on  these  three  ships 
are  occuring.  The  costing  procedure  is  shown  in  Table  D.  14. 
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TABLE  D.  14 


APPROXIMATE  COST  INCREASE  DUE  TO 
DELAY  IN  DELIVERY 


CVN  69 

LHA2 

A S3? 

1) 

Congressional  Appropriation 

$510  M 

5144M 

$ 93M 

2) 

Percent  in  Basic  Construction 

62% 

88% 

78% 

3) 

Amount  Expend,  at  Shipyard  (1X2) 

$316M 

$ 127M 

$ 73  M 

4) 

Years  Delay 

3 1/4 

2 1/4 

3 

5) 

Inflation  Factor  (4  x 11 .5%) 

37% 

26% 

34% 

6) 

Inflated  Shipyard  Amount  (3f(3x5)) 

$433M 

$ 160M 

$ 98M 

7) 

Add  Back  Non-Shipyard  Amts. 

(6+0-3)) 

$627M 

$177M 

$ 1 18M 

8) 

Current  Estimate 

$734M 

$224M 

S152M 

6-3 

9) 

Percent  of  Increase 

52% 

41% 

42% 

* One-half  of  LHA  2 and  3 dollar  1 

Petals 

These  percentages  are 

conservative 

in  that  no 

inflation 

of  government  furnished  material  or  other  non-shipyard  costs  was 
assumed.  Also,  consideration  was  not  given  to  the  fact  that  the 
disruption  caused  by  such  delays  invariably  increase  costs.  Clearly, 
the  delays  in  delivery  beyond  the  date  used  in  estimating  the  end  cost 
to  be  approved  by  the  Congress  are  a major  cost  driver.  SCN  budget 
requests  will  be  understated  if  ships  are  built  at  a later  date  than 
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estimated.  Starting  with  insufficient  funds  leads  to  a m/raid  of  down- 
stream pressures  and  problems  that  surface  later  on.  These  factors  in- 
clude reduction  in  the  number  of  ships  and/or  in  capabilities  which 
leads  to  the  development  of  mistrust  between  the  Navy  and  shipbuilders 
and  the  claims  of  the  shipbuilders  in  the  Navy. 


(2)  Establishment  Of  Delivery  Dates 


The  Planning,  Programming  and  Budgeting  System  includes  force 
structure  considerations  from  which  the  required  delivery  dates  for  ships 
which  are  to  be  introduced  into  the  programming  and  budgeting  cycle 
are  determined.  The  NAVSEA  role  in  this  respect  is  to: 

. Continually  assess  the  capability  of  the  shipyards  and 

supporting  industry'  to  accomplish  prospective  work 
assignments  (shipbuilding  programs). 

. Develop  realistic  award  and  production  schedules  for 

each  ship  to  be  introduced  into  the  programming/bud- 
geting cycle.  These  schedules  should  be  based  on  past 
and  current  experience  with  similar  ships,  lead  time 
studies  for  components,  plans  for  utilization  of  specific 
shipyards,  industry-wide  forecasts,  procurement  pro- 
files and  the  like. 

The  Sea  Power  Sub-Committee  of  the  House  Armed  Services 

Committee  concluded  that  the  shipbuilding  industry  probably  would  take 
steps  to  develop  and  retain  required  capability  and  capacity  if  given 
a five  year  shipbuilding  program.  Such  a program  is  now  available 
to  the  public  although,  as  indicated  again  in  hearings  held  in  March 

1977,  it  is  quite  unstable  from  year  to  year.  This  same 
sub -committee  also  concluded  that  there  was  a shortage  of 
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skilled  shipyard  workers  necessitating  greater  emphasis  on  training 
programs.  These  two  actions  alone  indicate  acceptance  of  the  fact 
that  there  are  limitations  on  the  capacity  of  the  industry. 

NAVSEA  studies  of  shipbuilding  industrial  capacity  within  the 
United  States  recognize  these  limitations  but  invariably  conclude 
that  proposed  shipbuilding  programs  can  be  accomplished  as  planned 
if  the  groundwork  is  carefully  laid.  It  is  to  be  noted  that  sound 
information  on  the  labor  markets  and  workload,  including  shipwork 
and  non-shipwork,  to  be  imposed  by  other  consumers  in  each  area  is 
difficult  to  obtain,  which  reduces  the  value  of  the  shipbuilding 
industry’s  capacity  reviews. 

The  planning  for  individual  ship  and  ship  class  assignments 
to  shipyards  is  accomplished  in  much  greater  detail.  Nevertheless, 
there  are  serious  limitations  having  to  do  with  predicting  the 
shipyard  that  will  get  the  award,  the  status  of  other  work  in  hand, 
initial  optimism  and  production  and  test  problems.  During  the  pro- 
gramming phases  the  impact  of  such  factors  is  very  difficult  to 
evaluate  since  long  range  predictions  of  workloads,  social  trends, 
state  of  the  economy  and  stability  and  adequacy  of  engineering  designs 

are  required.  Thus,  the  risk  of  making  a poor  prediction  is  great 
and  a realistic  approach  is  in  order.  When  ships  are  finally  funded 
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and  awards  are  being  negotiated  more  reliable  predictions  of  these 
factors  should  be  available  and  be  reflected  in  the  delivery  dates 
established  by  contract.  However,  even  at  this  stage  of  the  acquisition 
when  the  long  lead  time  material  has  been  ordered,  the  performing 
shipyard  identified,  the  design  substantially  developed  and  manpower 
availability  assessed,  predicted  delivery  dates  have  been  overly 
optimistic.  This  is  demonstrated  in  Table  D.15  which  compares  the 
average  year's  delay  per  ship;  namely  original  vs.  currently  predicted 

delivery  dates  as  related  to  contract  vs.  currently  predicted  dates. 
There  is  still  considerable  delay  after  the  contracts  are  awarded, 
which  demonstrates  the  over  optimism.  The  ship-by-ship  detail  are 
shown  in  Appendix  1 . 


TABLE  D.15 

SHIP  DELIVERY  DATE  PREDICTIONS 
(Original  vs.  Contract  Dates) 

Percent  Completion 

Years  Deloy/Ship  10%  up  25%  up  50%  up 

Original  vs.  Current  2.2  2.4  2.5 

Contract  vs.  Current  1.6  2.0  2.3 

The  changes  being  introduced  into  some  new  contracts  whereby 
energy  price  increases,  labor  and  overhead  escalation  and  some  other 

items  are  being  passed  through  with  certain  limitations  to  the  govern- 
ment will  partially  alleviate  the  shipbuilders'  financial  problems 
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caused  by  inaccurate  prediction  of  delivery  dates.  But,  such  mea- 
sures will  not  cure  the  basic  problem.  Therefore,  it  is  important  to 
improve  the  capability  of  setting  realistic  delivery  dates  during  both 
the  programming  and  the  contracting  stages. 

(3)  Shipyard  Manpower  Availability  Is  Critical  In  Meeting 

Delivery  Dotes 

There  are  a number  of  factors  that  affect  delivery  dates  e.g., 
longer  than  anticipated  material  lead  times  (both  contractor  and  govern- 
ment furnished),  changes  in  configuration,  unrelenting  optimism  by  both 
shipbuilder  and  Navy,  and  production  and  test  problems. 

There  are  several  sources  of  data  on  shipyard  manpower  once 
an  award  is  specifically  planned.  These  include  information  developed 
during  pre-award  surveys,  manpower  information  provided  by  the  pro- 
posing shipyard  and  reports  showing  work  in  hand  and  manning 
to  completion.  These  data  coupled  with  estimates  of  the  manning 
required  for  potential  new  Navy  work  form  the  basis  of  shipyard-by- 
shipyard workload  projections.  During  the  ship  programming  stages 
when  original  budget  estimates  are  submitted  such  information  is 
either  not  available  or  is  less  accurate  due  to  the  years  of  projection 
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required.  Additionally,  information  on  future  work  for  customers 
other  than  the  Navy  and  on  the  capability  of  the  local  labor 
market  to  adequately  support  an  increased  volume  of  work  is  not 
developed  regularly  to  support  delivery  date  predictions  for  either 
programming  or  contracting. 

It  is  difficult  to  forecast  workload  and  manpower  available 
in  future  years,  yet,  such  forecasts  are  an  essential  element  in 
setting  the  delivery  dates  which  have  such  a major  influence  on  cost 
growth.  Therefore,  this  area  deserves  greater  attention  and  better 
organization  at  both  the  headquarters  and  field  levels.  It  appears 
logical  that  SEA  0 75,  the  Ship  Production  Office,  should  strengthen 
its  capabilities  in  this  area,  deriving  increased  support  from  govern- 
ment manpower  organizations  , the  Maritime  Administration,  industry 
and  from  the  Supervisors  of  Shipbuilding,  Conversion  and  Repair, 
USN. 

(4)  NAVSEA  Organization  Divides  Estimating  Responsibilities 

The  present  NAVSEA  organization  for  ship  acquistion  estimating 
is  divided,  leading  to  divided  responsibility.  SEA  01G,  the  Cost 
Estimating  and  Analysis  Division,  develops  cost  estimates  for 
specific  ships  and,  also,  certain  adjustment  factors  having  to  do 
with  overhead,  escalation  and  the  like.  SEA  075,  the  Ship  Pro- 
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duction  Office,  is  responsible  for  assessing  shipyard  capacity  and 
developing  production  schedules  for  all  ships  in  the  shipbuilding  pro- 
gram so  this  too  is  an  estimating  function.  The  products  of  these  two 
organizations  must  be  placed  under  one  supervisor.  As,  presently 
organized,  the  lowest  level  of  common  supervision  is  the  Vice  Com- 
mander of  NAVSEA  who  has  a broad  range  of  responsibilities.  More- 
over, the  supervisory  levels  immediately  above  these  two  organizations 
do  not  have  shipbuilding  program  responsibilities  as  a primary  duty. 
One  is  the  Comptroller  (SEA  01)  and  the  other  is  responsible  for  naval 
field  activity  management  (SEA  07). 

Several  years  ago  when  there  was  an  assistant  chief  for  ship- 
building, Bureau  of  Ships,  the  now  SEA  01  G and  SEA  07  reported  to 
a common  supervisor  whose  primary  duty  was  shipbuilding.  There  was 
no  division  or  responsibility. 

It  is  considered  that  the  budget  estimating  would  be  improved 
if  these  two  organizations  were  placed  under  common  supervision  with- 
out delay. 
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V. 


PROBLEMS  ENCOUNTERED  IN  PREPARING 
BUDGET  QUALITY  ESTIMATES 


Many  detailed  problems  in  analysis  and  estimating  were  noted  pre- 
viously and  other  observations  relative  to  estimating  capability  have  been 
made  in  this  section  of  the  report.  The  most  pertinent  items  are  briefly 
summarized  below. 

1 . CLASSIFICATION  OF  ESTIMATES  AS  BEING  OF  "C"  QUALITY 
ARE  OFTEN  UNREALISTIC 

Single  sheet  characteristics  and  the  time  spent  in  developing  estimates 
therefrom  are  very  often  inadequate  for  the  desired  level  of  confidence  for 
a class  "C"  estimate.  Many  "C"  estimates  should  be  considered  as  "an 
approximate  order  of  magnitude"  estimate. 

2.  MOST  GFM  COST  INPUTS  ARE  UNCONTROLLABLE  AND  NOT 
SUBJECT  TO  REALISTIC  VERIFICATION 

The  SEA  01  G utilizes  cost  inputs  from  other  System  Commands  for 
weapons,  electronics,  nuclear  propulsion  and  other  Government  Furnished 
Material  and  cannot  exercise  judgment  that  is  equal  to  that  given  other 
elements  in  the  ship  cost  estimate. 


3. 


SHIP  WEIGHT  ESTIMATES  ARE  FURNISHED  SEA  01  G 


Ship  weight  data  are  furnished  by  NAVSEC  for  seven  groups  of  the 
nine  group  breakdown  used  for  bids.  SEA  01  G has  no  measure  to  validate 
these  weight  estimates. 


4.  BUILDING  SCHEDULES  FURNISHED  TO  SEA  01  G 


Large  cost  errors  result  when  the  delivery  dates  upon  which  the  esti- 
mates were  based  are  missed.  Provisions  are  made  in  estimates  only  for  esca- 
lation during  an  average  delay  period  of  seven  months;  whereas  much  longer 
delays  are  being  experienced  on  many  ships.  Also,  contingency  pricing 
for  overhead  and  other  factors  of  cost  is  not  permitted  for  extenstions  in 
delivery  dates.  When  a contract  is  delayed  beyond  its  expected  schedule, 
the  budget  estimate  cannot  be  adjusted,  but  the  costs  of  material,  labor, 
and  overhead  increase  by  the  rate  of  inflation  in  the  economy  during  the 
length  of  the  delay  period.  This  could  be  to  ten  percent  of  the  end  cost 
estimate  for  one  year  of  delay. 
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5. 


PARAMETERS  FOR  ESTIMATING  ARE  TOO  GROSS 


Dollars  per  ton  for  material  and  manhours  per  ton  for  labor  are 
sound  parameters  for  similar  hull  work,  but  are  too  insensitive  for  machinery, 
electric  plant,  and  outfit.  These  groups  contain  such  a variety  of  com- 
ponents of  different  costs  per  unit  of  weight  as  to  require  sub-groups  with 
their  own  cost  parameters  for  accurate  estimating.  It  is  recognized  that 
timing  in  the  procurement  cycle  prevents  the  preparation  of  sub-group 
weight  estimates;  hence  an  inherent  inaccuracy  will  exist  in  basic  ship 
estimates  made  with  gross  parameters,  except  where  the  ships  are  very 
similar  in  all  principal  characteristics.  Aircraft  carrier  and  submarine 
estimates  have  the  best  chance  of  being  accurate  so  long  as  they  are  repeat 
designs. 

6.  DATA  BANKS  NEED  UPDATING  AND  UPGRADING 

Except  for  ship  types  being  built  with  regularity,  data  banks  are  old 
and  cannot  be  used  with  complete  reliance,  because  ship  complexity  and 
modem  shipbuilding  techniques  are  not  comparable  to  prior  baselines. 

Even  some  of  the  more  recent  bid  information  needs  upgrading  to  Navy's 
SWBS  accounts.  More  returned  costs  should  be  analyzed  and  converted  to 
usuable  form  to  replace  excessive  dependency  on  former  bids  and  in-house 
estimates.  The  more  reliable  the  data  possessed  by  ship  types,  the  narrower 
the  margin  of  error  will  become,  particularly  In  the  determination  of  average 
parameters,  which  are  heavily  used  by  estimators. 
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7. 


ADJUSTMENTS  FOR  PRODUCTIVITY  AND  LEARNING  MAY  BE 
UNWARRANTED 


Normally  expected  improvements  in  productivity  of  labor,  management, 
and  facilities  have  not  been  evident  in  recent  years,  and  are  not  applied  in 
current  estimates.  As  noted  previously  in  Chapter  III,  downward  adjustments 
are  being  applied  now,  as  producitivty  has  decreased.  However,  increasing 
productivity  resulting  from  learning  on  multi-ship  projects  is  expected  , to 
some  degree,  by  higher  echelons  in  Navy  and  is  included  in  estimates  on  a 
conservative  basis,  although  SEA  01  G does  not  have  complete  confidence 
that  it  will  fully  develop. 

Award  of  contracts  for  a multi-ship  program  to  two  or  more  builders 
upsets  the  learning  curve  predictions  adversely,  but  a budget  estimate  that 
anticipated  an  award  to  only  one  shipyard  cannot  be  changed. 

8.  ECONOMIC  ADJUSTMENTS  ARE  DIFFICULT  TO  FORECAST 

Although  the  Analysis  Branch  developed  good  methods  for  tracking  in- 
flation, labor  rates,  etc.,  and  has  demonstrated  a better  record  than  other  govern- 
ment agencies  for  cost  adjustments,  it  still  suffers  from  the  inherent  human  in- 
ability of  foreseeing  the  future.  The  span  of  time  for  shipbuilding  contract 
forecasting  is  up  to  nine  years,  which  is  much  too  long  a period  for  prior  assump- 
tions to  go  undisturbed  especially  in  an  era  of  shortages  and  economic  aberrations. 
Industry's  ability  to  forecast  is  no  better,  hence  a variance  in  estimates  of  end 
costs,  regardless  of  source  and  classification  of  quality,  must  be  expected. 
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9. 


MARKET  PREDICTIONS  ARE  VERY  IMPORTANT 


The  potential  bidders  on  a few  classes  of  ships  can  be  determined  quite 
well  by  methods  used  by  SEA  01  G,  but  on  remaining  classes  bidders  become  con- 
siderably less  certain.  In  the  two  year  interval  between  the  budget  estimate 
and  receipt  of  bid,  market  conditions  can  affect  the  price  of  the  ship  by  as 
much  as  15-25  percent  (See  Figure  D.9).  In  the  pre-cantract  award  phase 
the  market  factor  is  the  largest  single  element  that  can  affect  an  estimate, 
regardless  of  its  technical  accuracy. 

Unless  upset  by  a variance  in  the  predicted  market,  profit  estimates  are 
sound.  They  are  based  on  ASPR  and  fall  in  a range  of  10-15  percent,  depend- 
ing on  the  estimator's  judgment  of  risk  and  uncertainty  connected  with  the  ship 
involved. 

10.  COST  GROWTH  MARGINS  ARE  UNCERTAIN 

Percentage  adjustments  are  made  for  basic  ship  construction,  weapons 
and  other  GFM  to  provide  for  change  orders,  which  are  a normal  part  of  the 
shipbuilding  process.  The  cognizant  SHAPM  adds  to  the  amounts  submitted  by 
SEA  01  G,  if  appropriate,  according  to  his  assessment  of  the  project.  Some 
unexpected  charges  and  assessments  over  which  the  SHAPM  has  na  control 
often  emanate  from  other  Navy  offices  to  destroy  the  margin. 
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VI.  IN  ORDER  TO  MAKE  A SUBSTANTIAL  IMPROVE- 
MENT IN  THE  QUALITY  OF  TOTAL  SHIP  COST 
ESTIMATES  MAJOR  CHANGES  IN  PROCEDURES 
WILL  BE  REQUIRED 


So  far  in  the  pursuit  of  this  study  some  findings  have  become  evident 
that  must  be  recognized  in  order  to  place  the  observations  that  follow  in 
their  proper  context.  The  Navy  in  FY  1979  plans  to  budget  for  new  ships 
about  $8.2  billion.  In  the  expenditure  and  the  future  planning  to  spend 
such  sums,  the  United  States  has  a right  to  the  finest  system  of  ship  acquisi- 
tion that  the  state  of  the  art  can  devise. 

1 . THE  MAJOR  DETERRENT  TO  ESTABLISHING  FISCAL  CREDIBILITY 
IS  INSTITUTIONAL 

First,  the  Federal  budget  process  requires  that  firm  estimates  for  ships 
that  are  still  in  conceptual  design  phase  be  established  at  least  two  years 
before  contract  award  and  three  to  four  years  before  work  actually  begins. 
During  this  period,  design  development  and  changes  in  the  general  economic 
climate  can,  and  we  believe  will,  continue  to  play  havoc  with  the  budget 
estimates. 

Second,  the  shipbuilding  program  is  in  a continual  state  of  flux. 
Changes  are  continually  made  to  accommodate  new  threat  discoveries. 


D-164 


fiscal  restraints  and  political  philosophy.  These  changes  in  program  and 
building  schedules  can  have  a major  impact  on  program  costs. 

Third,  the  Navy's  basic  mission  is  to  defend  this  nation,  and  as  it 
is  primarily  a fighting  force,  it  does  not  have  a profit  or  fiscal  awareness 
found  in  corporate  organizations.  This  lack  of  cost  consciousness  has  in 
part  resulted  in  an  unprecise  cost  estimating  capability  for  both  ships  and 
weapons. 

With  these  three  basic  facts  of  life  in  mind,  the  first  is  beyond 
reasonable  Navy  control.  The  Navy  in  the  second  can  be  more  realistic 
about  anticipated  ship  construction  schedules.  The  third  is  an  area  where 
the  Navy  could  do  more.  The  possibilities  range  from  placing  all  ship 
and  weapon  design  and  procurement  in  a separate  100  percent  civilian 
manned  agency  anwsering  to  the  Secretary  of  the  Navy,  to  making  a few 
substantive  and  cosmetic  changes  to  the  present  estimating  procedure. 

Since  it  is  beyond  the  scope  of  this  study  to  examine  and  evaluate 
the  numerous  reorganizational  possibilities,  observations  regarding  possible 
improvements  in  ship  and  weapons  estimating  will  be  confined  to  what  may 
be  possible  in  NAVSEA,  to  a limited  degree  OPNAV,  and  other  commands. 

First,  however,  there  are  two  general  observations  regarding  SEA  01  Gs  per- 
formance that  have  evolved.  It  is  the  finding  that  SEA  01  G is  only  minimally 
capable  of  consistently  providing  the  quality  of  estimates  expected  for  all  classes  of 


D-165 


ships.  Its  present  organization  is  insufficient  in  number  to  handle  the  work- 
load properly.  Some  essential  skills  and  supervision  are  absent.  The  level 
of  practical  experience  among  a large  percentage  of  personnel  is  low.  Their 
assignment  is  difficult  because  of  poor  product  definition  for  the  quality  of 
estimates  required;  insufficient  time;  lack  of  control  over  large  amounts  of 
GFM  costs,  ship  weights,  and  construction  schedules;  and  the  long  span  of 
time  involved  in  necessary  economic  forecasts. 

On  the  positive  side,  leadership  and  key  personnel  in  the  division  are 
experienced  and  form  a solid  base  upon  which  to  improve  capability.  The 
Cost  Analysis  Branch  has  developed  a negligible  guidance  base  to  a greatly 
improved  one  in  about  four  years.  An  equal  effort  is  required  to  provide  more 
sensitive  estimating  parameters  based  on  returned  costs,  to  replace  some  of 
those  presently  used,  and  to  update  data  banks  to  current  work  breakdown 
systems. 

2.  OBSERVATIONS  REGARDING  STEPS  REQUIRED  TO  IMPROVE 
PERFORMANCE  FALL  INTO  TWO  CATEGORIES 

First  it  is  believed  that  the  quality  of  ship  estimates  including  GFM 
can  be  substantially  improved  if  firm  standards  are  established  along  with 
organizational  changes  and  additional  resources. 
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The  second  category  of  items  are  directed  toward  making  the  present 
estimating  system  work  better,  but  without  any  real  assurance  that  estimates 
will  improve. 


(1 ) Category  I 

. Establish  a well  defined  standard  for  ship  and  weapon 

description  as  a basis  for  the  budget  year  and  POM 
year.  This  should  include  - 

Preliminary  design  (by  Navy  definition) 

Weight  estimates  in  three  digit  breakdown 
for  each  ship  system 

A complete  equipment  list  for  all  components 
with  a value  of  $10,000  to  $25,000  (depend- 
ing on  ship  type)  and  over 

In  addition,  because  of  a consistent  record 
of  naval  program  slippages,  an  industry  capacity 
analysis  should  be  made  to  establish  realistic 
contract  award  dates  and  building  period. 

. Establishment  of  a directorate  which  would  include  the 

function  of  ship  construction  estimating  and  production 
planning  is  favored.  (This  would  include  the  current 
functions  of  SEA  01 G and  SEA  075).  This  directorate 
within  NAVSEA  should  have  the  responsibility  to  pre- 
pare and  to  make  all  ship  construction  estimates,  vali- 
date GFM  estimate,  and  estimate  GFMas  required. 

It  should  also  be  responsible  for  determining  feasible 
construction  periods  based  upon  a continuous  assess- 
ment of  the  shipbuilding  industry's  capability  to  re- 
spond to  all  of  the  demands  upon  it  — military  and 
civilian.  This  change  of  command  recognition  for  the 
estimating  and  planning  functions  would  have  to  re- 
cognize the  responsibilities  of  the  SHAPMs  under  their 
present  charter.  By  increasing  the  capability  of  the 
estimating  and  production  planning  group,  the  SHAPMs 
should  be  more  effective  and  less  prone  to  advocate 
overly  optimistic  budget  estimates  and  building  schedules. 
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Give  this  new  directorate  funds  and/or  authority  to 
task  for  services  from  other  organizations  such  as: 

NAVSEC 

DCAA 

PARMs 

SupShips 

Naval  Shipyards 

Contractors 

Establish  a system  whereby  returned  costs  are  collected 
in  a timely  manner  from  shipyards  and  suppliers  of  GFM 
and  processed  into  a form  usable  in  making  future  ship 
and  GFM  estimates  and  validation  of  GFM.  This  may 
require  changes  in  ASPR. 

Secretary  of  Navy  to  issue  instructions  to  prohibit  the 
release  of  any  estimates  for  the  current  year  budget 
and  the  first  out  year  unless  certified  by  Commander 
of  NAVSEA  that  they  are  of  actual  budget  quality. 

The  CNO  to  issue  instruction  to  limit  tasking  the 
NAVSEA  Shipbuilding  Directorate  to  meaningful 
estimates  in  order  to  maintain  estimate  quality. 

Staff  the  new  directorate  as  necessary  to  carry  out  its 
function  with  optimum  efficiency. 


(2)  Category  II 


Additional  experienced  estimating  staff  is  needed  in  SEA  01 G. 

Develop  within  SEA  01  G a capability  to  make  independ- 
ent estimates  for  GFM. 

All  files,  reports,  directives,  etc.,  whether  the  pro- 
perty of  the  Division  or  personal,  should  be  indexed, 
and  cross-indexed  as  needed,  to  inform  all  personnel 
about  available  resources  and  to  facilitate  its  loca- 
tion with  a minimum  of  effort. 

All  economic  forecasts  and  estimates  should  be  com- 
pared systematically  with  actual  results  on  a routine  basis. 
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All  returned  costs  and  bid  back-up  data  located  within 
Navy  should  be  available  promptly  to  the  estimators. 


All  personnel  should  visit  shipyards  and  ships  occasionally 
to  increase  their  knowledge  of  practical  matters  and  make 
contacts  within  Navy's  field  offices  for  expedient  exchange 
of  information. 


Orientation  in  contracting  and  claims  settlement  should 
be  given  to  the  entire  staff  to  develop  an  appreciation 
of  the  importance  and  interrelation  of  estimating  to 
these  processes. 
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VII  COST  RELATED  ESTIMATING  AND  ANALYSIS  FUNCTIONS 


1 . COST  ANALYSIS  STUDIES  ARE  IMPORTANT  IN  DECISION  MAKING 
PROCESS 


The  overall  review  of  the  cost  estimating  functions  in  NAVSEA  must 
also  include  an  understanding  of  the  many  cost  related  estimating  and  analysis 
functions  assigned  to  the  Command  and  their  impact  on  the  basic  ship  acquisi- 
tion estimating  process.  These  related  functions  are  reviewed  in  this  portion  of 
the  report  and  cover  a wide  range  of  interests  that  generally  entail  some  de- 
gree of  cost  estimating  expertise,  but  not  always  as  the  main  thrust  of  the 
project. 


The  need  to  conduct  these  studies  as  outlined  in  the  many  directives 
has  been  emphasized  by  DOD  and  its  various  military  components,  including 
the  Navy.  This  has  also  been  stressed  in  Congressional  reports  as  a means  of 
assuring  maximum  return  in  an  ever  increasing  military  budget.  Unless  some 
of  the  many  cost  related  study  requirements  are  reduced  , it  will  be  necessary 
to  continue  to  have  cost  analysis  studies  performed. 

2.  COSTING  FUNCTION  RESPONSIBILITIES  VARY  WITHIN  EACH 
ESTIMATING  ORGANIZATION 

Within  various  centralized  cost  estimating  groups  in  the  Department 
of  Defense  and  private  industry,  the  assigned  functions  and  disciplines  vary 
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significantly.  This  is  discussed  in  great  detail  in  the  section  of  the  report 
which  analyzes  the  NAVSEA  and  other  estimating  organizations.  Figure 
D.22  in  Chapter  X — "Comparative  Analysis,  NAVSEA  versus  Other 
Estimating  Organizations"  — relates  the  many  estimating  factors  with  the 
responsibilities  of  a number  of  selected  estimating  groups. 

The  review  of  these  various  estimating  organziations  indicates  that 
NAVSEA 's  basic  estimating  group,  SEA  01 G,  has  been  delegated  a great 
number  of  cost  related  functions,  some  of  which  may  not  normally  be  per- 
formed by  other  estimating  groups. 

For  example,  in  the  private  shipbuilding  industry  the  regular  cost 
estimating  group's  prime  responsibility  is  to  provide  the  necessary  material 
and  labor  cost  estimates  for  price  proposals  and  bids.  The  estimators,  however, 
are  not  generally  responsible  for  procurement  disciplines  and  cost  analysis 
functions.  The  final  pricing,  which  is  dependent  on  many  business  variables 
and  decisions,  is  accomplished  by  the  corporate  management.  As  is  indicated 
in  Figure  D.22  in  Chapter  X,  SEA  01  G has  a broader  responsibility  in  devel- 
oping estimating  factors  than  the  shipyard  estimators.  Similarly,  SEA  01G 
has  more  responsibilities  than  the  other  military  estimating  groups  reviewed 
in  this  study. 
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3. 


COSTING  FUNCTIONS  COVER  A WIDE  SPECTRUM  OF  ESTIM- 
ATING AND  ANALYSIS  CONSIDERATIONS 


As  already  partially  discussed,  there  are  a number  of  functions  thot 
may  be  performed  by  central  cost  estimating  groups.  SEA  01 G separates 
these  functions  into  the  broad  categories  of  acquisition  estimoting,  pro- 
curement disciplines,  cost  analysis  functions  ond  other  reloted  items.  Each 
one  of  these  and  their  subgroups  were  separately  discussed  in  detail  in 
Chapter  III  to  indicate  the  differences  in  definition,  purpose,  principal 
directives,  NAVSEA  responsibilities  and  general  performance  to  date.  A 
review  of  eoch  function  indicates  thot  NAVSEA  may  be  required  to  under- 
take any  or  all  of  these  functions  at  ony  time  in  its  cost-oriented  decision 
making  efforts. 

A listing  of  eoch  of  these  categories  and  subgroups  and  a brief 
definition  follows: 

Acquisition  Estimating 

. Conceptual/Parametric  — defined  elsewhere  in  report 

. Budget  — defined  elsewhere  in  report 

. Contract  — defined  elsewhere  in  report 

Procurement  Disciplines 

. Contract  Cost  Analysis  — defined  elsewhere  in  report 
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Technical  Analysis  Review — a structured  in-depth  analysis 
of  a contractor's  proposal  by  a team  of  Government  tech- 
nical experts. 

Should  Cost  — a concept  of  contract  pricing  based  on  an 
in-depth  cost  management  and  production  analysis  at  the 
contractor's  plant  for  the  purpose  of  developing  a realistic 
price  objective  which  reflects  reasonable,  achievable 
economies  and  efficiencies. 


Cost  Analysis  Functions 


Economic  Analysis  — a formal  structured  systematic  approach 
to  the  problem  of  choosing  how  to  employ  scarce  resources 
and  an  investigation  of  the  full  implications  of  achieving  a 
given  objective  in  the  most  efficient  and  effective  manner. 

Economic  Forecasting  — relates  to  the  development  of  labor 
and  material  cost  trends  and  indices. 

Life  Cycle  Costing  — an  acquisition  technique  which  con- 
siders  research  and  development,  investment,  operating  and 
support  and  other  costs  of  ownership  in  the  decision-making 
process  and  in  selected  cases  for  the  construction  of  weapon 
systems,  equipment  , hardware  and  related  items. 

Design-to-Cost  — means  selecting  a unit  cost  goal  and  devel- 
oping a product  with  that  goal  as  the  principal  parameter. 

Cost  Modeling  — an  estimating  tool  wherein  a set  of  math- 
ematical  relationships  is  arranged  in  a systematic  sequence 
to  formulate  a cost  methodology  in  which  outputs  (cost 
estimates)  are  derived  from  inputs  (descriptions  of  equipment, 
organization  or  system). 


Other  Related  Items 


Overhead  Analysis  • — the  intensive  review  of  current  over- 
head  (or  indirect)  cost  elements,  i.e.,  labor  related  variable 
costs,  semi-variable  costs,  and  fixed  costs  as  a means  of 
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predicting  possible  changes  in  shipyard  overhead  for  use 
in  future  cost  estimates. 

Field  Audit  — the  review  and  evaluation  of  field  activi- 
ties relating  to  policies,  procedures,  methodology,  and 
capability  to  perform  cost  estimating. 

Specialized  Program/Software  Casts  — relate  to  estimates 
for  specific  areas  of  acquisition  contract  requirements  that 
may  or  may  not  be  hardware  oriented. 

Cost  Estimate  Validation  — the  critical  review  process 
that  validates  all  cost  estimates  and  related  cost  analysis 
efforts  within  Headquarters  prior  to  release  by  the  SYS- 
COM  as  an  official  cost  estimate. 

Central  Cost  Monitor  — the  organizational  unit  which 
acts  as  the  SYSCOM  focal  point  for  establishment  of 
estimating  policies  and  procedures  to  be  followed  by 
organizations  and  individuals  not  within  the  established 
central  cost  estimating  group. 

Documentation  — relates  to  maintaining  complete  records 
covering  the  entire  history  of  ship  and  GFM  acquisition 
estimates,  their  development,  assumptions  and  data  sources, 
and  modifications  and  reason  therefore. 

Contract  Cost  Data  Reporting  — replaces  the  series  of 
performance  reports,  that  have  been  known  in  the  past  as 
CERs,  C/SCSCs,  etc.,  that  were  to  be  periodically  sub- 
mitted by  contractors  to  insure  that  contract  performance 
and  costs  are  being  obtained. 
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4. 


BOTH  COSTING  AND  RELATED  FUNCTIONS  HAVE  BEEN 
ASSIGNED  TO  NAVSEA  01 G 


The  assignment  of  responsibility  of  the  focal  point  for  the  perfor- 
mance of  costing  and  related  functions  within  NAVSEA  has  evolved  over 
several  years  and  been  delegated  to  SEA  01 G or  its  predecessors.  Most  of 
the  assignments  were  added  without  regard  to  resources,  thus,  compliance 
with  some  of  the  directives  has  been  fragmentary  and,  when  accomplished, 
has  necessarily  been  on  a priority  basis. 

The  Cost  Estimating  and  Analysis  Division  (SEA  013)  has  two 
basic  functions.  The  first  covers  the  development  of  credible  cost  estimates 
and  the  second  is  for  cost  analysis  and  cost  related  functions.  Some  of  these, 
such  as  economic  forecasting  and  overhead  analysis,  are  required  in  preparing 
an  estimate.  The  Cost  Estimating  Branch's  (SEA  01  Gl)  functions  are  broadly 
comparable  to  those  of  c shipyard  estimating  group.  The  Cost  Analysis 
Branch  (SEA  01 G2)  develops  much  of  the  normal  shipyard  management  input 
which  is  applied  to  the  basic  material  cost  and  labor  manhours  developed  by 
the  estimators,  with  the  end  product  being  a bid  or  price  estimate.  This 
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management  Input  is  in  the  category  of  overhead,  anticipated  labor  availability 
and  wage  rates,  market,  profit,  shipway  availability,  escalation,  etc.  In 
addition,  SEA  01  G2  Cost  Analysis  Branch  participates  in  system  and  cost  analysis 
studies  of  the  type  usually  are  not  undertaken  by  a shipyard.  Thus,  the  NAV- 
SEA  Centralized  Cost  Estimating  and  Analysis  group  SEA  01  G has  been  assigned 
a broader  range  of  responsibilities  than  other  centralized  Government  estimating 
groups  and  well  beyond  that  associated  with  the  private  shipbuilding  industry  as 
indicated  in  Figure  D.22,  Chapter  X. 

5.  RESPONSIBILITY  FOR  CERTAIN  COST  RELATED  FUNCTIONS  COULD 
BE  ASSIGNED  ELSEWHERE  OTHER  THAN  NAVSEA  01G 

In  the  absence  of  a cost  related  analysis  group  within  NAVSEA,  these 
responsibilities,  whether  directed  or  implied,  have  been  placed  in  SEA  01 G 
with  some  logic.  Many  functions  are  directly  related  to  estimating  such  as 
Economic  Forecasting  and  Technical  Analysis  Review.  Some  are  only  remotely 
related,  such  as,  Should  Cost,  Design- to- Cost,  and  Life  Cycle  Cost,  the  under- 
taking of  which  requires  primary  skills  of  other  Navy  groups.  Basic  cost  estimat- 
ing and  cost  analysis  skills  are  only  an  adjunct  to  the  studies.  The  responsibility 
for  these  latter  functions  might  well  be  located  elsewhere  within  the  Command 
without  affecting  the  basic  responsibilities  of  SEA  01  G.  Conversely,  those 
functions  normally  performed  by  shipyard  management  in  finally  pricing  the 
total  labor  and  material  costs,  should  logically  be  retained  and  performed  by 
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SEA  01  G.  Some  management  considerations  in  developing  a detailed  estimate 


are: 


. Overhead  factors* 

. Market  conditions 

. Wage  rates 

. Wage  and  material  escalation 

. Manpower  availability 

. Productivity 

. Profit 

. Ability  to  meet  contract  schedules 

. Shipyard  interest 

. Learning  curve 

. Special  cost  drivers 


6.  COMPLIANCE  WITH  COST  RELATED  FUNCTIONS  LIMITED  BY 
SEA  01 G STAFF 

Due  to  limited  SEA  01 G staff,  compliance  with  many  of  the  directives 
is  currently  on  a selective  basis.  Assignments  are  undertaken  with  considera- 
tion of  general  staff  workload  and  on  priorities  established  by  higher  level 
organizational  units  outside  of,  or  within  NAVSEA,  discretionary  priorities 
are  thus  established. 


The  present  limited  compliance  with  performing  cost  related  functions 
is  already  affecting  the  ability  of  SEA  01 G to  meet  its  basic  acquisition  esti- 
mating and  associated  cost  analysis  responsibilities.  Additional  cost  related 
function  level  assignments  will  further  dilute  SEA  01 G capabilities. 


* This  includes  indirect  labor,  fringes  and  benefits,  shipyard  maintenance  and 
repair,  energy  costs,  office  expenses,  taxes,  interest,  water,  etc. 
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7.  SOME  COST  RELATED  FUNCTIONS  SHOULD  PROPERLY  BE  THE 
RESPONSIBILITY  OF  SEA  01G  WHILE  OTHERS  COULD  BE 
ASSIGNED*  ELSEWHERE 

As  already  indicated,  SEA  01 G is  responsible  for  developing  complete 
acquisition  estimates,  including  input  of  cost  estimates  and  various  management 
factors  for  constructing  the  proposed  ship  system.  Many  cost  related  functions 
are  required  as  part  of  the  "shipyard  management"  input,  while  others  are 
used  to  establish  programs  and  policy  matters.  Thus,  cost  related  functions 
may  be  divided  into  two  groups,  namely  (1)  those  which  should  properly  be 
the  responsibility  of  SEA  01  G,  and  (2)  those  which  could  be  located  elsewhere 
in  the  Command  without  affecting  the  basic  estimating  function  of  SEA  01 G. 
Regardless  of  who  is  responsible  for  these  cost  related  functions,  NAVSEA's 
centralized  cost  estimating  group  must  continue  to  lend  its  estimating 
expertise  as  a member  of  the  study  or  analysis  team. 
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8. 


FINDINGS 


The  detailed  review  of  the  various  related  cost  estimating  and  analysis 
functions  indicates  that  SEA  01 G should  continue  to  be  responsible  for  the 
following  functions: 


Conceptual/Parametric  Estimating 

Budget  Estimating 

Contract  Estimating 

Contract  Cost  Analysis 

Technical  Cost  Analysis 

Economic  Analysis 

Economic  Forecasting 

Cost  Modeling 

Overhead  Analysis 

Field  Audit 

Specialized  Prog rarr/Soft ware  Costs 
Cost  Estimate  Validation 
Central  Cost  Monitor 
Documentation 


The  review  also  indicates  that  some  cost  related  functions  could  be 
primarily  assigned  to  other  NAVSEA  organizational  units,  but  with  SEA 
01  G cost  input  as  required.  These  functions  are: 


Should  Cost 
Life  Cycle  Cost 
Design-to-Cost 


SEA  01 G is  insufficiently  staffed  to  fully  perform  its  many  assigned  duties. 
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The  NMARC  study  emphasized  the  need  for  cost  analysis  studies. 
It  was  also  cognizant  of  the  functional  responsibilities  that  have  been 
added  to  the  Commands.  The  report  states: 


"Functional  responsibilities  have  been  added  to  the  established  cost 
estimating  groups  without  added  resources  to  carry  out  the  functions. 
Functions  such  as  economic  forecasting,  economic  analysis,  and 
support  for  life  cycle  cost  and  design-to-cost,  all  af  them  impor- 
tant, have  been  added  during  periods  when  staff  increases  have 
been  virtually  unobtainable  and,  in  the  instance  of  NAVSEA, 
when  staffs  have  been  actually  reduced.  This  work  dilutes  the 
efforts  required  ta  perform  the  basic  acquisition  cost  estimating 
responsibility  and  reinforces  the  need  far  additional  staffing." 


9.  CONCLUSIONS 

SEA  01  G should  retain  the  responsibility  of  properly  performing 
the  many  cost  estimating,  cast  related,  and  cast  analysis  functions  dis- 
cussed above,  with  the  exception  af  should  cast,  life  cycle  cast  and  design- 
to-cost.  The  main  thrust  in  these  studies  lies  in  areas  other  than  estimating. 
These  three  cost  related  functions  could  be  assigned  to  other  NAVSEA  or- 
ganization units,  ar  alternatively  , SEA  01  G should  be  adequately  staffed 
if  it  is  to  retain  the  responsibilities. 


Additional  SEA  01 G staffing  is  required  ta  perform  all  its  assigned 


duties. 
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10.  TECHNICAL  ANALYSIS  REVIEW  (TAR) 


Definition 

This  review  is  a structured,  in-depth  analysis  of  a con- 
tractor's proposal  by  a team  of  government  technical  experts.  The 
Technical  Analysis  Report  is  a formal  summary  of  the  Technical 
Analysis  Review  in  terms  of  material  quality  and  quantity  and 
labor  manhours. 

Technical  Analysis  differs  from  a Should  Cost  Study  in  that 
the  analysis  accepts  the  contractor's  present  work  practices  and 
bases  its  review  on  historical  data  and  not  the  most  efficient  or 
economica  I \Nork  practices. 

Purpose 

The  primary  objective  of  the  TAR  is  to  provide  the  Contracting 
Officer  with  comments  and  recommendations  on  the  acceptability 
and  reasonability  of  contractor's  proposals.  The  TAR  report  forms  the 
basis  for  the  Navy's  position  during  negotiation.  All  negotiated 
procurements  require  a "Business  Clearance"  (request  for  authority 
to  contract)  which  is  prepared  by  the  Contracting  Officer.  The 
Business  Clearance  is  based  on  information  from  the  TAR  and  other 


D-181 


sources  and  is  approved  by  NAVMAT.  Pre  and  post  negotiation 
Business  Clearances  may  include  comments  and  the  following  analyses: 

. Material  quality  and  quantity 

. Labor  manhour  factors  and  manhours 

. Material  costs,  labor  rate  and  overhead 
. Nuclear  requirements  (nuclear  vessels  only) 

. Contractors  changes  to  "Terms  and  Conditions" 


ncipal  Directives 

ASPR  3-801 .2  requires  that  the  Contracting  Officer  avail 
himself  of  all  appropriate  organizational  support  such  as  specialists 
in  the  fields  of  contracting,  finance,  law,  contract  audit,  engineering 
and  cost  analysis.  The  responsibility  of  SEA  01 G to  undertake  TAR 
studies  is  contained  in  NAVSEAINST  5400.1.  The  TAR  procedure  is 
detailed  in  the  TAR  Guidance  Manual  presently  being  placed  in  the 
NAVSEA  Instruction  series. 

The  bid  proposal, when  received,  is  reviewed  by  SHAPM, 
Contracting  Officer  and  SEA  01 G to  determine  whether  a TAR  should 
be  undertaken.  If  the  proposed  contract  is  sole-source,  then  a TAR 


D-182 


is  mandatory,  but  it  can  be  done  in  other  cases.  The  TAR  team 
is  organized  as  follows,  with  the  cognizant  orga  ni  zations  indicated: 


Function 


Coordination  of  technical  inputs 

Material  quantity  and  quality 

Material  quotes  and  forward  pricing 

Manning  levels  (direct  and  indirect), 
labor  and  overhead  rates 

Mtanhours,  direct  and  indirect,  make/ 
buy  decisions,  farm-out  items 

Delivery  dates,  labor  and  material 
phasing 


Responsibi  lity 
SEA  01 G or  SHA  PM* 
NAVSEC  or  SupShip* 
SupShip  or  DCAA* 


DCAA 

SEA  01 G or  SHAPM* 
SEA  071 /SHA PM 


Terms  and  conditions,  make/buy 

decisions,  contractor  liaison  SEA  022/OOL 


The  organizational  structure  of  the  Negotiation  Team  is  listed  below 
along  with  responsibilities.  The  Contracting  Officer  is  the  focal  point 
of  all  dialogue. 

. Contracting  Officer  Negotiate  contract 

. DCAA  Audit  report  and  sub- 

contractors pricing  review 

. TAR  Project  Engineer 

(SEA  01 G or  SHAPM)  Non-nuclear  cost  analysis, 

TAR  report 

Choice  is  made  by  Contracting  Officer  in  concert  with  SHAPM. 
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. Nuclear  Project  Engineer  Nuclear  Cost  analysis 

(SEA  08) 

. PMS  (SHAPM)  Delivery  schedule, 

technical  requirements 

Action  Code  in  NAVSEA 

The  Contracts  Directorate  (SEA  02)  has  the  responsibility 
of  (1)  procurement  policy  development  and  contractual  documen- 
tation support,  (2)  contracting  for  ships,  weapon  systems,  equip- 
ment and  related  services  and  (3)  claims  processing  and  field  con- 
tract administration  support. 

SEA  01 G Responsibilities 

The  Cost  Estimating  and  Analysis  Division,  specifically 
SEA  01G23,  is  responsible  for  acting  as  leader  for  TAR  teams  as 
required  and  reports  to  the  responsible  Contracting  Officer  in  SEA  02. 

Identification  of  Tasks  Assigned  to  SEA  01 G 

Over  the  past  seven  calendar  years,  SEA  01 G has  participated 
in  nine  TAR  studies.  The  most  recent  effort,  in  1976,  was  a very  de- 
tailed analysis  of  the  Trident  Submarine  acquisition  (Hull  ^7 30  with 
options)  completed  by  the  TAR  team  which  was  composed  of  nine 


D-184 


members.  Two  were  assigned  from  SEA  01 G for  a total  of  three 
months  (or  six  man-months  of  Division  effort). 

Progress  on  Tasks 

The  only  TAR  study  still  underway  and  not  completed  is  DD  993. 
Estimated  Time  Spent  Last  Two  Years 

The  following  TAR  team  manning  was  developed: 


Calendar 

Year 

Program 

SEA  01 G 
Members 

Duration 

(Months) 

Total  Teai 
Members 

1975 

FFG  7 

1 

3 

7 

1976 

Trident 
(Hull  *730) 

2 

3 

9 

1977 

DD  993 

1 

2 

22 

It  appears  that  an  average  of  about  eight  man-months  per 
year  of  effort,  in  recent  years,  is  the  time  that  SEA  01 G 
has  been  able  to  allow  for  TAR  efforts.  While  SEA  OlG's  efforts 
have  been  beneficial  in  obtaining  a valid  Navy  position  for  nego- 
tiation, there  have  been  numerous  areas  where  only  a cursory  review 
of  a cost  element  has  had  to  suffice.  This  is  due  to  the  time  con- 
straints of  the  TAR  and  the  limited  manpower  which  SEA  01 G can 
dedicate  to  the  TAR. 
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Impact  an  Other  SEA  01 G Functions 


Time  recards  indicate  that  considerable  staff  effort  is 
required  to  undertake  TAR  studies  which  periodically  affects  the 
SEA  01 G ability  to  meet  other  cast  analysis  and/or  cast  estimating 
requirements.  A complex  ship  such  as  the  CVN  required  the  ser- 
vices of  three  men  aver  eight  months  with  others  participating  on 
a part-time  basis.  However,  this  is  nat  a yearly  occurrence. 

Benefits  to  Navy  Budget  or  Manpower 

The  completion  of  TAR  studies  gives  the  Contracting  Officer 
the  knowledge  with  which  to  negotiate  reasonably  priced  contracts. 
The  experience  gained  by  SEA  01 G personnel  is  most  valuable  as 
this  is  an  aopportunity  to  deal  directly  with  their  counterparts  in 
the  shipyard. 

Discussion 

The  development  of  TAR  studies  as  a fundamental  negotiating 
tool  requires  considerable  expenditure  of  manpower  throughout  NAV- 
SEA . The  contribution  of  each  individual  team  member  varies  from 
project  to  project.  The  spectrum  af  SEA  01 G involvement  varies  from 
the  situation  where  c SHAPM  has  the  experience  and  the  personnel  to 
perform  a TAR  completely  from  within  the  staff  of  the  project  office  to 
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the  occurrence  of  a major, detailed  analysis  where  as  many  as  two 
or  three  SEA  01  G personnel  are  solely  dedicated  for  six  to  nine 
months . 

Findings 

TAR  studies  are  required  to  provide  a proper  base  for  eval- 
uating proposals  and  bids  and  for  negotiating  contract  awards.  The 
overall  emphasis  required  to  develop  a more  complete  data  base  and 
to  provide  greater  unit  cost  capability  will  permit  more  useful  par- 
ticipation in  TAR  procedures.  The  equivalent  services  of  one  full 
man-year  is  required  by  SEA  01 G. 
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11.  SHOULD  COST 


Definition 


Should  Cost,  is  a concept  of  contract  pricing  that  employs  industrial 
engineering,  accounting  and  general  business  management  skills  in  conducting 
a coordinated,  in-depth  cost,  management  and  production  analysis  at  the  con- 
tractor's plant.  This  major-type  of  review  will  identify  uneconomical  or  in- 
efficient practices  in  the  contractor's  management  and  operations  and  quantify 
the  findings  in  terms  of  their  impact  on  cost;  and  develop  a realistic  price 
objective  which  reflects  reasonably  achievable  economies  and  efficiences. 

This  is  generally  accomplished  through  a two  step  approach.  The  first 
is  to  identify  and  implement  near  term  improvements.  The  second  step  is  to 
identify  and  implement  long  term  improvements.  The  major  cost  savings  will 
result  from  the  second  step. 

Should  Cost,  in  a lesser  sense,  is  also  a validation  during  price  nego- 
tiations of  various  cost  factors  submitted  as  part  of  a contractor's  proposal. 

Purpose 

Should  Cost  is  an  additional  analyzing  tool  which  is  also  used  in  the 
negotiation  process.  In  major  management  reviews.  Should  Cost  involves 
sound  industrial  engineering  and  management  principles  which  go  considerably 
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beyond  cost  analyses.  It  Identifies  instances  of  omission  or  commission  in  the 
performance  of  planned  or  existing  work  which  could  compromise  attainment  of 
realistic  schedules,  performance  and  cost  objectives.  A Should  Cost  study  may 
be  required  for  any  of  the  following  reasons: 


. When  a reasonable  price  cannot  be  negotiated  with  a sole 

source  producer  using  in-depth  cost  analysis. 

. When  a sole  source  producer  has  a history  of  poor  cost 

estimating . 

. When  a contractor  becomes  a sole  source  producer  after  hav- 

ing greatly  overrun  a competitively  obtained,  cost-type  de- 
velopment contract. 

. When  it  has  been  deemed  advisable  for  reasons  of  standardi- 

zation, logistics  support,  etc.,  to  stay  sole  source  with  a 
producer  and  future  requirements  are  extensive. 

. Where  it  is  determined  that  a sole  source  producer's  costs  can- 

not be  made  reasonable  by  the  use  of  contract  types. 

. When  the  objective  is  to  control  and  reduce  costs  as  a long 

range  objective  as  distinguished  from  the  short  range  pricing 
for  a particular  contract. 

. For  the  definitization  of  a letter  contract  or  the  setting  of 

firm  targets  under  a fixed  price  incentive,  successive  target 
contract. 

These  major  Should  Cost  studies  can  be  performed  by  Government  teams, 
by  private  consultants  or  organizations,  or  a combination  of  Government  and 
consultants. 


I 

l 
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Principal  Directives 


The  new  ASPR  requirements  pertaining  to  Should  Cost  reviews  are  set 
forth  in  ASPR  1-337.  The  Chief  of  Naval  Material  PPM-No.  55  of  December 
15,  1976  sets  forth  the  CNM  policy  on  these  reviews  and  revises  Naval  Pro- 
curement Directive  (NPD)  1-337  on  Should  Cost  as  follows: 


(a)  ASPR  1-337  requires  Should  Cost  reviews  for  programs  requir- 
ing DSARC  approval  or  a contracting  officer's  determination 
as  to  why  a Should  Cost  review  is  not  justified. 

(b)  ASPR  1-337  also  cites  other  circumstances  in  which  procure- 
ments for  items  or  systems  not  requiring  DSARC  approval  shall 
be  reviewed  for  possible  application  of  Should  Cost  studies. 

The  following  additional  policy  is  established  concerning  use 
of  Should  Cost  reviews  in  the  Navy: 

(1)  All  planned  and  existing  Acquisition  Category  II 
programs  as  defined  in  OPNAVINST.  5000. 42A 
that  are  sole  source,  with  significant  future  produc- 
tion should  be  reviewed  for  applicability  of  a Should 
Cost  review.  This  does  not  preclude  use  of  Should 
Cost  on  other  programs  as  deemed  appropriate  by  the 
Systems  Commands. 

(2)  Procurement  Plans  for  programs  requiring  DSARC 
approval  and  other  programs  meeting  the  criteria  in 
(b)(1)  above  shall  contain  a discussion  of  the  appli- 
cation of  Should  Cost  studies  prior  to  approval  by 
MAT  02. 

(c)  Each  SYSCOM  will  be  responsible  for  staffing  its  own  Should 
Cost  study.  The  NAVPRO/SUPSHIP  has  certain  responsibilities 
for  monitoring  contractor's  cost  (NPD  20-702.5)  and  DCAS/ 
DCAA  has  certain  responsibilities  for  providing  field  pricing 
support  (ASPR  3-801.5).  Should  Cost  reviews  should  be  coord- 
inated with  these  activities  to  ensure  that  the  technical  and 
professional  expertise  of  the  various  units  of  NAVPRO/SUPSHIP 
and  DCAS/DCAA  are  used  without  duplication  of  effort  or  skills. 
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(d)  Upon  completion  of  any  Should  Cost  study,  SYSCOMs  are  re- 
quired to  take  positive  action  to  ensure  continuous  monitoring 
by  contract  administration  activities  of  contractors'  actions  to 
implement  recommendations  resulting  from  such  studies. 

Action  Code  in  NAVSEA 

CNM  Policy  Procurement  Memorandum  No.  55  is  addressed  to  NAVSEA 
02,  in  addition  to  four  other  Systems  Commands.  NAVSEA  INST.  5400.1  assigns 
SEA  01  G as  the  Command  focal  point  for  Should  Cost. 

SEA  01  G Responsibilities 

Up  to  the  present,  SEA  01  G has  not  undertaken  any  Should  Cost  studies. 
In  the  most  recent  1976-77  effort  of  a management  review  of  Northern  Ordnance 
Division,  SEA  01  G planned  and  organized  the  initial  undertaking  of  the  Finan- 
cial and  Program  Management  portion  of  the  review.  However,  SEA  01  G did 
not  have  enough  available  staff  to  accept  the  additional  responsibility  of  per- 
forming as  an  active  team  member.  This  is  acknowledge  in  a SEA  01  memo  to 
SEA  02  of  1 1 November  1976.  As  a result  of  the  SEA  01  memo,  SEA  01  G under- 
took the  responsibility  of  culminating  a formal  Memorandum  of  Understanding 
with  DCAA  for  the  conduct  of  all  Should  Cost  Studies  in  the  Finanical/Manage- 
ment  disciplines.  This  agreement  was  signed  between  the  two  Defense  Agencies 
on  8 June  1977.  This  effectively  provided  relief  to  SEA  01 G to  actively 
participate  in  any  forthcoming  Should  Cost  Reviews. 
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Identification  of  Tasks  Assigned  to  SEA  01  G 


SEA  01  has  decided  it  could  not  provide  manning  for  the  Northern 
Ordnance  Division  Management  Review  and  has  requested  that  DCAA  under- 
take the  financial  and  program  management  position  of  the  review. 

The  formal  Memorandum  of  Understanding  between  NAVSEA  and  DCAA 
calls  for  DCAA  to  be  available  for  similar  roles  in  all  future  Should  Cost  Studies. 

Progress  on  Tasks 

The  DCAA  is  now  supporting  the  SEA  02  efforts  in  Should  Cost  reviews 
as  stipulated  in  the  Memorandum  of  Understanding. 

Estimated  Time  Spent  Lost  Two  Years 

The  current  rate  of  effort  by  SEA  01  G has  been  about  six  man-months 
per  year.  Based  on  the  Army's  experience  on  Should  Cost  studies,  SEA  01 G 
anticipates  that  NAVSEA  future  study  requirements  might  be  as  high  as  1 3 to 
17  major  weapon  systems  and/or  shipbuilding  contracts  each  year. 

It  is  the  opinion  of  SEA  01  G that  there  is  only  a limited  probability 
of  undertaking  Should  Cost  studies  of  major  shipbuilding  contracts.  Most  of 
the  contracting  officer's  Should  Cost  effort  is  presently  being  directed  toward 
the  analysis  of  costs  during  contract  negotiations, 
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rather  than  a major  review  of  the  operation  and  management  of  the  contractor. 
Navy  presently  emphasizes  routine  reviews  of  contractors'  cost  proposals  and 
operations  as  being  effective  and  useful  to  procurement  activities.  However, 
Should  Cost  becomes  most  effective  on  large  production  run  procurements,  but 
considerably  less  effective  for  limited  runs  of  large  complex  ships  with 
intensive  labor  input. 

In  the  area  of  GFE,  current  indications  are  that  a substantial  number 
of  procurements  will  require  Should  Cost  Studies.  The  financial  and  manage- 
ment review  at  Northern  Ordnance  Division  was  originally  estimated  to  require 
nine  people  for  three  months  and  a more  detailed  review  would  take  five  months. 
Actually,  due  to  limited  NAVSEA  staffing,  only  a limited  review  was  performed 
with  the  assistance  of  an  outside  contractor.  Four  to  five  men  were  involved 
intermittently  over  a period  of  three  months  and  the  Should  Cost  draft  report 
has  been  completed. 

Impact  on  Other  Functions 

Implementation  of  Should  Cost  studies  by  SEA  01 G as  the  focal  point, 
could  have  significant  effects  on  its  cost  estimating  and  analysis  functions. 

Benefits  to  Navy  Budget  or  Manpower 

The  only  documented  savings  the  Navy  has  is  on  a Should  Cost 
study  done  at  Pratt  and  Whitney  in  1968.  The  Navy  spent  $300  thousand  and 


D-193 


t 

j 


identified  a possible  savings  of  $105  million  on  a potentiol  controct  volue  of 
$1 .5  billion. 

Discussion 

During  the  past  few  yeors,  the  Navy  hos  put  little  effort  into 
Should  Cost.  A GAO  letter  of  17  Jonuory  1974  to  OSD  questioned  the  Navy's 
lock  of  uniformity  in  the  applicotion  of  Should  Cost  efforts.  Then  in  June 

1974,  MAT  02  issued  formal  criteria  for  studies  within  all  Navy  SYSCOMS. 

Later,  in  response  to  GAO,  ASD  (l&L)  indicated  that  Should  Cost  would  be 

required  for  all  DSARC  programs.  This  in  turn  was  implemented  by  CNM 
PPM- 55  of  15  December  1976,  requiring  a Should  Cost  study  on  all  DSARC 
programs  or  a controcting  officer's  determination  os  to  why  a Should  Cost 
review  is  not  justified. 

Since  this  is  now  mandatory,  resources  must  be  developed.  SEA  01, 
as  the  Command  focal  point  for  Should  Cost,  sent  a Memorandum  of  11  November 
1976  to  SEA  02  which  discusses  its  inability  to  participate  in  a management 
(Should  Cost)  review  at  Northern  Ordnonce  Division  of  F.M.C.  It  wos  sug- 
gested thot  DCAA,  in  its  responsibility  under  ASPR  3-801.2  ond  3-809,  perform 
the  finoncial  ond  manogement  portion  of  the  Northern  review. 

Under  the  terms  of  the  Memorandum  of  Understanding  between  DCAA 
and  NAVSEA  (prepared  by  SEA  01),  the  DCAA  would  porticipate  in  a Should 
Cost  government  team  and  be  responsible  for  audit/pricing  functions  in  com- 
pliance with  oudit  requirements  of  ASPR  3-809.  Under  this  procedure,  NAV- 
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SEA  would  be  responsible  for  staffing  each  Should  Cost  study,  other  than  for 
the  role  performed  by  DCAA.  NAVSEA  does  not  currently  have  the  depth  of 
operations  and  engineering  staff  it  can  divert  to  this  effort.  Up  to  the  present, 
SEA  01  G has  not  participated  to  any  extent  in  Should  Cost  studies  due  to  staff 
deficiencies. 

Since  SEA  01  G is  still  the  Command  program  co-ordinator  for  Should 
Cost,  it  has  begun  to  investigate  the  possibility  of  developing  an  instruction 
course  for  potential  Should  Cost  programs.  SEA  01  G states  it  is  now  in  the 
process  of  identifying  potential  sources  and  funds  for  the  development  of  a 
Should  Cost  training  and  organization  program. 


Findings 

Should  Cost  studies  must  be  considered  under  ASPR  1-337.  Not  every 
DSARC  or  other  major  program  will  require  a Should  Cost  study  if  demonstrated 
otherwise  by  the  Contracting  Officer.  Notwithstanding,  some  Should  Cost 
studies  will  be  required  especially  for  GFM  and  NAVSEA  must  have  resources 
to  undertake  them  when  required.  By  the  very  nature  of  the  process,  Should 
Cost  is  effective  for  large  production  runs  of  GFM  etc.  but  much  less  effective 
for  evaluating  shipyards.  Analysis  of  cost  during  negotiations  is  considered  the 
most  effective  means  of  assuring  a fair  price  for  ship  construction  contracts. 
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As  an  analytical  process  in  which  cost  estimating  and  cost  analysis  is 
only  one  of  many  required  skills,  consideration  should  be  given  to  assigning 
the  Command's  focal  point  for  Should  Cost  outside  the  purview  of  SEA  01  G. 
A suggested  focal  point  would  be  NAVSEA  07,  the  Industrial  and  Facility 
Management  Directorate. 


The  following  alternative  methods  of  conducting  Should  Cost  studies 
may  be  considered: 


By  DCAA  performing  the  audit/pricing  and  by  the  Defense 
Contract  Administrative  Services  performing  the  technical 
capability  evaluation,  with  both  groups  under  the  leader- 
ship and  coordination  of  a NAVSEA  assigned  study  director, 
supplemented  by  other  NAVSEA  staff  as  required. 

By  a basic  study  group  established  in  NAVSEA,  supplemented 
by  a selected  staff  and/or  consultants  as  required. 

By  a consultant  firm  hired  by  the  government 

By  contractor  personnel 

By  a private  consultant  firm  hired  by  the  contractor 


The  establishment  of  special  groups  within  NAVSEA  to  perform  Should 
Cost  studies  will  require  the  assignment  of  qualified  staff,  either  as  a permanent 
group  or  through  assignments  as  required  from  other  Codes  with  the  Command. 
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12. 


ECONOMIC  ANALYSIS 


Definition 

Economic  Analysis  is  a formal*  structured,  systematic  approach  to  the 
problem  of  choosing  how  to  employ  scarce  resources  and  an  investigation  of 
the  full  implications  af  achieving  a given  objective  in  the  most  efficient 
and  effective  manner. 

Purpose 

Economic  Analysis  is  one  of  several  aids  to  management  to  assist  in  the 
decision-making  process.  It  is  required  as  budget  ba;k-up  material,  when  the 
primary  justification  for  the  item  is  to  save  money.  For  example,  a "lease 
versus  purchase"  economic  analysis  will  be  prepared  whenever  lease  or  purchase 
decisions  are  viable  alternatives  for  a budget  item. 

As  an  analytic  technique,  the  procedure  investigates  the  economic 
worth  of  weapons  and  support  systems,  force  levels  and  other  programs/projects 
by  assessing  the  implicit  effectiveness  (benefits)  and  resources  (costs)  of  various 
alternative  approaches  that  will  meet  the  stated  program  objectives.  The 
benefits  and  other  output  measures  are  identified,  in  conjunction  with  the  costs 
associated  with  the  postulated  alternative  programs.  The  sensitivity  of  each 
alternative  to  its  key  assumptions  and  variables  is  investigated  to  permit  trade- 
offs between  alternatives  and  a recommendation  as  to  the  alternative(s)  having 
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the  best  cost  effectiveness. 


Economic  Ana  lysis,  while  utilizing  "Life  Cycle  Costs"  is  a separate 
and  distinct  structured  approach  by  quantifying  and  comparing  "Benefits" 
as  well  as  "Costs"  and  comparing  alternative  ways  of  accomplishing  a specific 
objective . 

Principal  Directives 

The  Office  of  Management  and  Budget  (OMB)  Circular  No.  A- 109 
af  April  5,  1976  establishes  policies  to  be  followed  by  Executive  Branch 
Agencies  in  the  acquisition  of  major  systems.  It  requires  that  economic  analyses 
be  performed  as  one  step  in  the  management  af  Go/ernment  procurement.  This 
is  construed  to  require  an  economic  analysis  for  each  DSARC  project;  however, 
some  Project  Managers  frequently  hire  outside  consultants  to  prepare  the  for- 
mal Economic  Analyses  for  their  projects. 

The  Department  of  Defense  Instruction  (DOD  INST)  7041.3  of  October 
18,  1972  on  Economic  Analysis  and  Program  Evaluation  for  Resource  Manage- 
ment outlines  policy  guidance  and  establishes  c framework  for  consistent 
application  of: 


Economic  analysis  an  proposed  programs,  projects  and 
activities,  and 

Program  evaluation  on  on-going  activities 
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SECNAVINST  7000. 14A  of  14  March  1973  refers  to  DOD  INST  7041.3 


of  October  18,  1972  and  states  that,  normally,  analyses  will  be  prepared  at 
the  organizational  level  at  which  a request  for  resources  originates. 

Action  Code  in  NAVSEA 

NAVSEA  5400.1  establishes  NAVSEA  01  G as  providing  a Command 
focal  point  for  Economic  Analysis . 

SEA  01 G Responsibilities 

The  Cost  Analysis  Branch,  SEA  01G2,  acts  as  the  Command  focal  point 
for  Economic  Analysis  (except  for  Management  Information  System  (MIS) 
economic  analysis).  As  the  focal  point,  it  provides  staff  assistance ‘and  advice 
to  all  areas  of  the  Command  and  to  the  field  activities  including  an  indepen- 
dent appraisal  of  projects  in  the  early  conceptual  stage.  The  Branch  does  not 

1 

perform  c!l  o?  the  Economic  Analyses  required. 

Some  Program  Managers  also  perform  economic  analysis  studies,  others 
subcontract  the  task  and  others  may  request  assistance  or  guidance  from  SEA  01 G2 
as  necessary.  OPNAV  96D  also  has  the  capability  undertake  cost  studies 
and  economic  analyses. 
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Identification  of  Tosks  Assigned  to  SEA  01G 


Economic  Analyses  are  essentially  undertaken  or  directed  by  the  Head 
of  the  Systems  Analysis  Section,  SEA  01G21,  who  is  presently  not  provided 
with  any  staff  and  performs  this  function  along  with  many  other  separate 
functions.  The  studies  to  date  cover  a wide  range  of  subjects. 

For  example,  in  1973,  SEA  01G21  participated  in  a DE  1052  Engine 
Room  Automation  program  where  the  Program  Manager's  techniques  were  val- 
idated. This  was  a two  month  project,  requiring  about  one  man-month  of 
effort. 


In  the  same  year,  NAVCOMPT  directed  NAVSEA  Frogram  Manager 
and  SEA  01 G to  undertake  a study  on  an  economic  comparison  of  commercial 
built  and  chartered  tugs,  commercial  tug  services  and  Navy  built  and  oper- 
ated tugs.  Under  the  direction  of  SEA  01G21,  the  work  was  completed  by  a 
Naval  Reserve  Unit  in  six  months,  with  SEA  01G21  participation  of  one  day 
per  week  for  six  months. 

A comparison  of  nuclear  versus  conventional  fuel  study  was  originally 
conducted  by  SEA  01G21  in  1973  based  on  a direct  request  from  the  Senate 
Armed  Services  Committee  which  required  two  man-months  of  effort.  This  is 
updated  on  an  annual  basis. 

In  1976  - 1977  a study  was  conducted  on  the  use  of  a shipboard 
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communication  data  multiplex  system  versus  conventional  wiring  to  justify 
possible  installation  in  CSGN  . The  project  was  directed  by  SEA  01  G21  and 
the  team  consisted  of  personnel  from  SEA  01 G,  NAVSEC,  Project  Engineers 
and  contractor  personnel.  In  this  case  NAVSEA  06  validated  the  contractor's 
assumptions.  The  time  devoted  by  SEA  01G21  was  25  man-days. 

Progress  On  Tasks 

There  are  no  tasks  outstanding  at  this  time,  (April  1977). 

Estimated  Time  Spent  Past  Two  Years 

SEA  01G21  conducts  an  average  of  three  economic  analysis  studies 
per  year  with  an  input  of  one  man-month  per  study.  In  addition,  the  section 
head  is  consulted  on  economic  analysis  procedures  and  also  conducts  courses 
on  the  economic  analysis  process.  Thus,  about  35  to  40  percent  of  his  total 
working  time  is  devoted  to  these  studies.  With  the  increase  emphasis  being 
given  to  costs  and  quests  for  alternatives,  it  can  reasonably  be  expected  there 
will  be  an  increase  in  demands  for  this  function. 

Impact  On  Other  Functions 

With  a limited  staff  and  other  responsibilities  in  this  one  section,  such 
as  should  cost,  technical  cost  analysis  reviews,  life  cycle  costs,  the  design 
and  management  of  computer  programs  for  cost  ancl  ysis  and  cost  estimating, 
and  maintenance  of  cost  data  banks  with  ADP,  etc.,  every  assigned  project 
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must  vie  with  others.  Hence,  it  becomes  necessary  to  establish  priorities. 

There  is  danger  in  a situation  such  as  this  that  while  the  functions  are  per- 
formed they  can  represent  minimal  efforts,  none  of  which  may  be  sufficiently 
done  for  the  purpose  intended. 

Benefits  to  Navy  Budget  or  Manpower 

All  of  the  aforementioned  economic  analysis  studies  have  value,  and 
in  certain  instances,  required  in  the  formal  decision-making  process.  None 
of  these  studies,  however,  are  directly  related  to  the  basic  acquisition  cost 
estimating  process  and  could  be  assigned  to  another  organization. 

Discussion 

The  various  cited  economic  analyses  conducted  within  SEA  01 G have 
value  in  the  decision-making  process.  The  studies  are  frequently  undertaken 
on  a time-available  basis  and  are  also  conducted  by  others  such  as  OPNAV 
96 D or  Program  Managers  working  under  the  optional  direction  or  guidance  of 
SEA  01G21  . Project  Managers  or  DSARC  projects  frequently  utilize  outside 
consultants  to  evaluate  projects.  The  requirements  to  conduct  economic  analyse 
are  indicated  through  SECNAVINST.  7000. 14B.  Internal  SEA  01 G priorities 
establish  the  work  actually  accomplished. 
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SEA  01 G has  a major  role  but  is  only  one  part  in  the  mainstream  of 
conducting  economic  analyses,  with  a strong  role  by  the  specific  Section  Head 
in  knowing  and  teaching  the  process.  There  is  no  back-up  capability  and  new 
hires,  essentially  trainees,  will  not  be  capable  of  performing  in  the  Command 
role.  Many  factors  other  than  cost  estimating  and  cost  analysis  are  involved 
in  the  process.  It,  therefore,  follows  that  economic  analysis  could  be  con- 
ducted in  one  or  more  of  the  following  manners: 

. Retain  in  SEA  01 G but  provide  an  individual  with  this 

function  as  a sole  responsibility 

. Place  in  new  centralized  special  study  unit  within 

NAVSEA,  with  SEA  01 G participation  only  as  required 

. Utilize  outside  consultants 

Findings 


Regardless  of  where  the  final  responsibility  for  conducting  and  mon- 
itoring Economic  Analysis  is  placed,  at  least  one  full-time  staff  member  will 
be  required,  who  in  turn  will  be  supported  by  necessary  staff  assigned  from 
other  Codes. 
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13.  ECONOMIC  FORECASTING 


Definition 


Economic  Forecasting  relates  to  the  development  of  labor  and  material 
cost  trends  and  indices. 

Purpose 


The  rapid  and  often  unpredictable  increase  in  labor  and  material  costs 
over  the  past  several  years  in  the  shipbuilding  and  Naval  Systems  industries  has 
made  it  imperative  to  develop  the  best  possible  information  on  these  cost  projec- 
tions. Estimates  and  budgets  are  developed  well  in  advance  of  the  actual  con- 
tracting dates.  In  addition,  contract  completions  are  frequently  delayed.  Thus, 
forcasting  of  inflationary  trends  and  anticipated  contract  escalations  often  lead 
to  under-estimating  and  budgeting  for  contract  escalation.  Ships  under  construc- 
tion in  earlier  programs  are  showing  escalation  several  times  greater  than  had 
been  forecast. 

Principal  Directives 

The  problem  of  economic  forecasting  has  been  of  great  concern  to  the 
Navy  over  several  years.  NAVCOMPT  Notice  7111  of  29  August  1969  provided 
guidance  for  FY  1970  and  1971  budget  submissions  with  instruction  that  it  should 
include  future  price  changes  in  labor  and  material  costs. 
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Action  Code  in  NAVSEA 


NAVSEA  5400.1  establishes  the  responsibilities  for  developing  economic 
analyses  and  forecasting  with  SEA  01  G acting  as  the  Command  focal  point.  It 
requires  the  developing  BLS  labor  and  material  indices  for  the  shipbuilding 
industry  and  then  preparing  forecasts,  herein  identified  as  Economic  Forecasting, 
which  are  utilized  in  the  preparation  of  cost  estimates  and  budgets. 

The  CNA  study  in  "Influence  of  Forecasts  of  Prices  and  Market  Conditions 
on  Estimating  and  Pricing  of  Ships"  was  completed  February  3,  1969  as  input  into 
the  SCN  Pricing  and  Cost  Control  Study  of  April  1969.  CNA  indicated  that 
economic  forecasting  will  always  container  errors,  but  that  a sophisticated 
technique  is  likely  to  improve  the  credibility  of  NAVSHIPS  (now  NAVSEA) 
estimates.  It  would  also  increase  credibility  and  documentation  of  the  SCN  ship 
estimating  process.  CNA  further  indicated  that  NAVSHIPS  05F  (now  NAVSEA 
01  G)  has  more  information  with  respect  to  shipbuilding  economics  than  any  other 
place  in  the  Government.  It  suggested  a staff  member  be  assigned  full  time  to 
economic  forecasting. 

SEA  01  G Responsibilities 

Economic  Forecasting  is  the  responsibility  of  SEA  01 G.  This  group  has 
extensive  wage  information  from  16  shipyards  reporting  through  BLS.  It  also 
maintains  records  of  management-labor  agreements  involving  shipyard  unions 
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throughout  the  U.S.  This  data  bank  is  supplemented  by  industry  and  Navy 
evaluations  and  gives  a sound  basis  for  projecting  labor  escalation  costs. 

Material  forecasting  has  also  been  accomplished  in-house,  however, 

Data  Resources,  Inc.  (DRI)  has  recently  been  contracted  to  provide  material 
forecasting  models  and  data  banks  to  assist  SEA  01  G in  developing  material 
escalation  projections.  Steel  price  increases,  EPA  and  OSHA  costs,  steel  imports, 
mill  capacities  and  expansion  plans  and  oil  price  increases  are  considered. 

The  data  bank  within  SEA  01 G,  industry  data  sources  and  the  assistance 
of  DRI  will  strengthen  credibility  of  the  development  of  material  escalation 
projections. 

The  aforementioned  escalation  projections  relate  to  shipbuilding  only. 

The  Assistant  Secretary  of  the  Navy  Financial  Management  Planning  Group 

Inflation  Study  of  1 1 April  1975  made  a cogent  recommendation: 

“A  set  of  DON  Escalation  Price  Indices  be  developed 
which  are  directly  relatable  to  the  specific  weapon  systems, 
goods,  and  services  pruchased  by  the  DON." 

At  present  NAVSEA  is  the  only  SYSCO M that  prepared  an  economic 
forecast  for  use  in  the  budgeting  process.  All  others  use  projected  indices  pro- 
vided by  the  office  of  Secretary  of  Defense.  These  NAVSEA  forecasts  are 
currently  approved  by  OSD  and  become  the  official  projection  issued  for  the 
SCN  appropriation. 
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Wages  and  material  costs  and  trends  vary  from  industry  to  industry. 

In  addition,  the  BLS  steel  shipbuilding  indices  do  not  apply  to  weapon  and 
ship  system  estimating.  SEA  01G  advises  that  other  estimating  commitments 
have  prevented  the  development  of  specific  indices  for  WPN  (Weapons  Pro- 
curement, Navy)  and  OPN  (Other  Procurement,  Navy).  It  has  been  dem- 
onstrated that  these  are  subjected  to  special  cost  considerations.  The  staff 
estimates  that  it  will  take  about  two  years  to  establish  a proper  program,  after 
which  it  will  require  about  eight  man-months  per  year  of  effort  to  maintain. 

The  assistance  of  a private  contractor  to  establish  the  program  will  reduce 
the  need  for  additional  staff  services. 

Estimated  Time  Spent  Last  Two  Years 

It  is  estimated  that  two  man-years  of  effort  is  presently  being  expended 
in  the  evaluation  work  and  computer  input/output  time  on  the  economic 
forecasting  function  in  SEA  01 G. 

Discussion 

Material  and  labor  inflation  has  been  demonstrated  to  be  the  primary 
cost  driver  in  naval  acquisition  programs  during  the  past  few  years.  Thus  , 
credible  economic  forecasts  must  be  made  to  establish  anticipated  inflation 
and  escalation  over  the  contracting  period  for  both  shipbuilding  and  GFM. 
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The  difficulty  of  projecting  inflation  is  demonstrated  through  a recent 
comparison  of  the  performance  of  three  major  professional  econometric  forecasters. 
This  indicates  an  average  forecast  of  actual  price  increase  error,  over  a four  year 
period,to  be  approximately  80  percent.  The  1973  and  1974  periods  of  high  infla- 
tion were  the  principal  contributors  to  this  high  average  error,  with  1975  and 
1976  errors  ranging  from  21  to  47  percent. 

The  current  development  of  labor  cost  projections  and  indices  by  SEA  01 G 
is  considered  good  and  well  documented.  Similarly  development  of  material  cost 
projections  and  indices  by  SEA  01  G,  supplemented  by  DRI  support  is  also  consid- 
ered good.  The  strengthening  of  SEA  01  G data  bank  for  material  is  suggested 
as  follows: 


Routine  and  prompt  monthly  cost  information  should  be 
obtained  from  ship  yards 

A more  accurate  forecast  of  delay  in  construction  of 
each  ship  type  should  be  developed 

Develop  and  include  specific  labor  and  material  information 
of  GFM 


It  must  be  recognized  that  the  most  carefully  documented  labor  and 
material  forecasts  will  be  affected  by  unanticipated  events. 
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Findings 


The  ability  of  SEA  01  G to  develop  labor  and  material  cost  projections 
for  shipbuilding  is  considered  fair.  It  is  suggested  that  the  data  banks  for 
material  be  strengthened  as  follows: 


Periodic  material  cost  trend  information  should  be  obtained 
from  ship  yards  and  manufacturers 

Develop  adequate  data  banks  and  information  on  GFM  (both 

WPN  and  OPN)  to  permit  projecting  special  price  indices 

for  major  systems  and  goods  not  susceptible  to  normal  BLS  indices. 


It  will  be  necessary  to  supplement  staff  and/or  utilize  services  of  private  con- 
tractors to  develop  specific  indices. 


i 

i 
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14.  LIFE  CYCLE  COSTING 


Definition 


Life  Cycle  Costing  (LCC)  is  an  acquisition  or  procurement  technique  which 
considers  research  and  development,  investment,  operating  and  support,  and  other 
costs  of  ownership  . in  the  decision-making  process  and  in  selected  cases  for  con- 
struction or  manufacture  of  weapon  systems,  equipment  , hardware,  and  related 
support. 

Purpose 

The  objectives  of  Life  Cycle  Costing  are: 

To  develop  cost  data  for  the  purpose  of  evaluating  management, 
engineering,  and  logistics  trade-offs. 

- To  provide  a basis  for  estimating  the  total  program  costs  and 
funding  requirements. 

- To  provide  an  up-to-date  tally  summarizing  all  actual  and 
projected  investment  and  operating  costs  associated  with 
logistic  support  over  its  full  operational  life. 

To  seek  the  lowest  total  cost  of  ownership  in  systen/equipment 
acquisitions. 

Life  Cycle  Costing  techniques  are  to  be  applied  to  as  many  acquisitions  as 
possible. 

Principal  Directives 

The  concept  of  Life  Cycle  Costing  has  been  used  within  DOD  and  its 
Military  Commands  for  several  years.  The  "Preliminary  Report  on  SHIPS  05F2 
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(now  SEA  01 G)  Staffing  Requirements"  dated  30  September  1968,  indicates 
that  no  one  in  the  Navy  was  doing  LCC  on  a systematic  basis.  When  accom- 
plished, a significant  part  of  the  acquisition  cost  input  and  analysis  was  pro- 
vided by  SHIPS  05F2  and  the  report  indicated  that  it  appeared  this  group 
was  best  qualified  to  provide  cost  model  input  and  interpretive  analysis  of 
output  regarding  costs. 

NAVSHIPINST  5432.  IB  C4-14  of  22  March  1971  established  the 
responsibility  of  SHIPS  016  (now  SEA  01G)  to  perform  ship  life  cycle  cost 
estimating  for  the  Command  as  required. 

Recently,  greater  emphasis  has  been  placed  on  Life  Cycle  Costing.  In 
a memorandum  of  February  28,  1975  Deputy  Secretary  of  Defense,  W.P. 
Clements,  Jr.,  expressed  concern  with  the  continuing  growth  of  the  fraction 
of  total  DOD  resources  needed  to  operate  and  support  weapons  and  the  decline 
in  funds  for  new  weapons  systems.  He  stated  that  DOD  must  have  the  dual 
objectives  of  reducing  the  fraction  of  the  outyear  budget  allocated  to  weapon 
O&S  costs  while  at  the  same  time  maintaining  operational  readiness.  Secretary 
of  Navy,  J.  William  Middendorf  II, responded  in  his  memorandum  of  14  July 
1976  to  Deputy  Secretary  of  Defense  Clements  indicating  near-term  actions 
were  being  directed  to  control  O&S  costs.  One  of  the  principal  points  was 
to  require  that  reasonable  tradeoffs  between  0&.S  costs  and  acquisition  costs 
be  considered  at  DSARC/DNSARC  presentations  with  the  aim  of  reducing 
overall  system  (life  cycle)  costs.  A complementary  and  parallel  effort  was 

f • 
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the  establishment  of  an  operating  and  support  (O&S)  cost  data  base.  This 
was  accomplished  via  implementation  of  the  recommendations  of  the  Visibility 
and  Management  of  Operating  and  Support  Cost  (VAMOSC)  Ship  Study  Group. 
However,  current  efforts  are  geared  only  to  collecting  data,  not  forecasting 
O&S  cost  data . 

A memorandum  from  SEA  01  of  8 April  1975  to  SEA  09B  outlines  the 
functional  responsibility  of  SEA  01 G to  provide  a Command  focal  point  for 
Life  Cycle  Costing.  NAVMAT  Memorandum  0422/DC  of  16  February  1977 
requests  the  various  Commands  and  Activities  to  review  and  evaluate  the 
"Naval  Material  Command  Life  Cycle  Cost  Guide  for  Major  Weapons  Systems" 
of  1 January  1977.  The  evaluation  period  was  to  conclude  on  2 May  1977. 
Office  of  Budget  and  Management  Circular  A 109  requires  LCC  studies  for 
all  major  systems  acquisitions. 

Action  Code  In  NAVSEA 

SEA  01 G has  the  overall  responsibility  to  provide  the  Command  focal 
point  for  LCC  studies. 

SEA  01 G Responsibilities 

The  responsibility  of  actually  conducting  LCC  studies  is  placed  in  the 
Cost  Analysis  Branch  (SEA  01  G2).  This  group  plans  and  develops  programs, 
policies  and  procedures  to  enable  cost  analysis  for  shipbuilding  programs  to  be 
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integrated  with  data  provided  by  the  acquisition  cost  estimator  far  Life  Cycle 
Cast  analyses.  It  alsa  validates  ond  assesses  the  effectiveness  af  NAVSEA 
and  subordinate  activities  in  Life  Cycle  Cost  requirements. 

Identification  Of  Tasks  Assigned  To  SEA  01  G 

Life  Cycl  e Casting  assignments  are  performed  by  one  staff  member  who 
is  the  heod  of  Systems  A na  lysis  Section  (SEA  01  G21),  which  has  no  other  ona- 
lysts  as  staff  support.  This  individual  is  alsa  acting  head  af  Policy,  Procedures 
and  Review  Section  (SEA  01G23)  which  has  one  anolyst.  These  sections  are 
part  af  the  Analysis  Branch  (SEA  01G2).  (See  Figure  D.2  for  organization 
and  staffing.) 


Mast  af  the  staff  member's  input  in  LCC  studies  is  in  the  form  of 
guidance  to  other  groups  who  actually  perform  the  work,  i.e.,  a verticol 
launch  system.  He  is  a member  of  NAVMAT's  LCC  implementation  group. 

He  has  olsa  participated  in  LCC  studies  on  equipment  such  as  SPS-49  Rador 
which  was  undertaken  by  private  contractor  and  the  shipboard  use  af  multiplex 
cable  for  communication  systems. 

Progress  On  Tasks 


Limited  stoff  precludes  much  direct  involvement,  other  thon  offering 
guidance  on  methodology  ond  cost  input.  The  overall  work  effort  is  currently 
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at  a slower  pace,  however  it  could  again  increase  in  response  to  SYSCOM 
requests. 

Estimated  Time  Spent  Post  Two  Years 

Approximately  20  to  30  percent  of  one  staff  member's  time  (say  three 
man-months)  is  devoted  annually  to  LCC. 

Impact  On  Other  Functions 

The  present  LCC  workload  being  undertaken  by  a limited  staff,  has 
considerable  affect  on  other  responsibilities  assigned  to  the  Systems  Analysis, 
ond  Policy,  Procedures  end  Review  Sections. 

Benefits  to  Navy  Budget  Or  Manpower 

Life  Cycle  Costing  is  an  important  tool  in  establishing  programs  and 
decision  making.  With  proper  application,  LCC  studies  should  result  in  either 
cost  savings,  more  units  per  budget  dollar,  or  more  effective  weapon  systems. 

Discussion 

The  "Life  Cycle  Cost  Findings  and  Recommendations"  of  April  1976 
prepared  for  the  Assistant  Secretary  of  Defense  by  an  NSIA  AdHoc  Committee 
covers  in  detail  the  findings  and  recommendations  necessary  to  meet  DOD 
requirements. 
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The  value  af  LCC  studies  and  the  decision  of  DOD  to  use  this  tech- 
nique far  all  acquisition  programs  is  evident.  The  process  considers  many 
cast  factors  such  as: 

. Research  and  Development 

. Engineering 

. Acquisition 

. Facilities 

. Training 

. Operation 

. Support 

. Management 

The  role  af  SEA  01G  is  limited  ta  acquisition  cost,  with  LCC  heavily  influ- 
enced by  integrated  logistic  support  casts.  While  SEA  01  G has  a staff  member 
capable  of  developing  and  guiding  these  programs,  the  responsibility  af  the 
end  product  could  properly  be  transferred  to  another  NAVSEA  group  such  as 
SEA  04,  Fleet  Support  Directorate,  who  has  considerable  input.  SEA  01 G 
would  then  only  participate  with  acquisition  cost  input  or  act  as  a consultant 
as  required. 

Findings 

Life  Cycle  Costing  is  required  in  the  development  of  all  DOD  major 

I 

acquisition  programs  as  a means  of  reducing  overall  system  costs.  Since  LCC 
is  heavily  influenced  by  integrated  logistic  support  casts  and  since  SEA  01 G 
participation  is  basically  limited  to  acquisition  costs,  it  would  be  logical  to 
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transfer  the  Command's  focal  point  for  LCC  from  SEA  01 G to  another  NAV 
SEA  group,  such  as  SEA  04,  Fleet  Support  Directorate.  Then,  SEA  01 G 
will  only  be  responsible  for  system  acquisition  costs. 
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15.  DESIGN  TO  COST 


Definition 

In  general  terms,  Design  to  Cost  (DTC)  means  selecting  a unit  cost 
goal  and  developing  a product  with  thot  goal  os  the  principal  cost  parameter. 
This  DTC  con  apply  to  "fly  away",  "life  cycle",  "unit  production"  or  some 
other  costs.  [The  NAVMAT  Command  refers  to  DTC  as  the  development  and 
design  of  equipment  with  full  consideration  and  control  of  all  elements  of 
future  costs  of  ownership  (acquisition,  operating,  support)  which  are  subject 
to  influence  by  the  technical  (design)  characteristics  of  equipment.) 

Purpose 

Projected  defense  budget  levels  and  rising  costs  of  acquiring, 
operating  and  supporting  defense  systems  and  equipment  have  created  the 
need  to  make  cost  a major  design  parameter.  Design  to  Cost  provides  o 
cost  discipline  to  be  used  throughout  the  development  ond  acquisition  of 
systems  or  equipment. 

The  DTC  procedures  apply  to  the  total  ship  system,  to  ship  subsystems 
which  are  developmental  in  noture,  and  to  ship  support  subsystems  and  equip- 

I 

ments  which  are  state-of-art  ond  procured  routinely. 
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Principal  Directives 


The  Design-to-Cost,  as  a means  of  optimum  cast  acquisition,  has  been 
required  in  DOD  aver  several  years.  SECNAVINST  5000.1  of  13  March  1972 
governs  the  acquisition  of  systems  within  DON.  The  Deputy  Secretary  of 
Defense  Memorandum  for  Secretaries  of  the  Military  Departments  af  24  May 
1974  extended  the  management  principles  to  subsystems  as  well  as  lower 
level  systems.  NAVSEA  INST  9060.2  sets  forth  a DTC  Guide  for  Ship 
Acqu'sition  and  encloses  Design-to-Cost  Guide  for  Naval  Ships  of  the 
same  date. 

DOD  Directive  5000.28  of  23  May  1975  establishes  the  policy  that 
DTC  will  be  implemented  in  all  DOD  development  programs  except  for  the 
relatively  small  number  where  the  management  principles  of  DTC  are  not 
suitable.  CNM  Procurement  Policy  Memorandum  (PPM)  Number  48  of 
October  4,  1976  outlines  the  various  stages  of  system  development  and  appli- 
cation of  DTC.  It  directs  that  DTC  goals  be  established  at  the  earliest  prac- 
tical point  in  the  development  process.* 

The  major  phases  of  acquisition  are: 

* DTC  will  generally  not  apply  to  basic  research,  major  national  security 
programs  in  which  performance,  reliability  and/ar  schedule  take  prece- 
dence over  cost  as  a primary  consideration,  or  systems  that  have  basically 
been  designed. 
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Conceptual  Phase  where  alternative  concepts  far  satisfying 
operational  requirements  are  studied  with  the  abjective  of 
selecting  the  mast  promising  far  further  development.  Formal 
DTC  goals  are  not  normally  practical  in  this  phase,  however, 
initial  DTC  goals  for  overall  planning  should  be  used  as 
appropriate . 

Validation  (Advanced  Development)  Phase  will  normally  in- 
clude the  design,  fabrication  and  testing  of  one  or  mare 
prototypes  of  the  equipment.  This  is  also  a critical  phase  in 
the  successful  execution  of  DTC  since  normally  the  basic 
ship  design  configuration  is  fixed  at  this  time. 

Full  Scale  (Engineering)  Development  Phase  will  normally 
include  the  design,  manufacture  and  testing  af  production 
configuration  units.  All  DTC  goals  are  to  be  established 
by  the  start  af  this  phase  and  should  be  specified  in  pro- 
curement plans. 

Production  Phase  normally  includes  the  manufacture  af  the 
operational  items.  The  design  part  of  DTC  should  be 
essentially  complete;  however,  this  phase  will  include  the 
measurement  af  production  casts  ta  determine  if  unit  cast 
DTC  goals  are  being  met. 


Action  Cade  In  NAVSEA 


NAVSEAINST  9060.2  directs  action  as: 


SHAPMS  will  provide  for  the  design  and  acquisition  of 
naval  ships  within  cast  constraints  and  works  with  other 
Commands  and  groups  in  DTC  ship  systems. 

Cost  Estimating  And  Analysis  Division  will  prepare  estimates 
as  requested  by  SHAPM,  propose  cast  influencing  factors  for 
any  adjustment  of  DTC  constraint  and  estimates  ta  a base  year, 
and  continually  upgrade  its  cast  estimating  expertise. 

NAVSEC  will  perform  assigned  ship  design,  perform  cast 
versus  characteristic  and  performance  trade-affs,  and  establish 
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the  interface  and  ship  support  requirements  used  to  track 
impact  of  subsystems  on  the  ship  as  a system. 

. Participating  Managers  will  provide  for  the  acquisition  of 

assigned  ship  subsystems  (i.e.,  propulsion  units,  weapons, 
etc.)  within  established  cost  constraints  in  accordance  with 
Ship  Project  Directives,  these  DTC  principles,  and  within 
the  previously  agreed  to  time  schedule  and  design  envelope. 

CHNAVMAT  Memorandum  (Memo  277-77)  of  24  May  1977  to  SYS- 
COMs  addresses  policy  on  Design-to-Life  Cycle  Cost  (DTLCC)  and  establishes 
that  Systems  Commanders  full  participation  in  DTLCC  programs  and  also 
identify  in  their  Command  a central  point  of  contact  and  responsibility  in 
these  efforts. 

It  is  understood  that  NAVSEA  0745  has  been  the  focal  point  for  the 
Command  DTC  programs;  however,  the  position  of  the  individual  holding  this 
responsibility  has  been  declared  surplus.  Hence,  it  is  necessary  to  reassign 
this  focal  point  responsibility  elsewhere  in  the  Command. 

SEA  01 G Responsibilities 

Under  NAVSEA  INST  9060.2  of  24  July  1975,  SEA  01 G is  directed  to 
prepare  the  necessary  cost  estimates  as  requested  by  the  SHAPM  for  DTC 
studies.  While  SEA  01 G is  not  the  focal  point,  it  does  furnish  cost  data  to 
NAVSEC  and  participates  as  a member  of  the  DTC  group  in  performing  the 
estimating  function.  These  estimates  may  be  modified  or  adjusted  by  the  SHAPM. 
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Identification  Of  Tasks  Assigned  To  SEA  01 G 


DTC  generally  applies  to  new  ship  or  system  concepts.  Established 
ship  types  or  follow-on  programs  usually  do  not  justify  or  require  DTC  studies. 
On  the  average,  one  or  two  new  designs  are  developed  each  year.  SEA  01 G 
is  capable  of  undertaking  broad  trade-off  studies  on  a seven  group  weight 
system,  however,  cost  trade-offs  frequently  involve  discreet  item  or  system 
changes  which  require  a lower  level  of  technical  information  and  cost  break- 
down (frequently  unavcilalbe)  in  either  SEA  01 G or  NA VSEC . Typical 
design  changes  could  be  the  installation  of  stabilizer  fins,  steam  versus  gas 
turbine  plants,  substitution  of  weapon  systems  and  others.  SEA  01G  does  not 
have  a satisfactory  lower  level  of  cost  breakdowns  or  sufficient  data  banks 
to  routinely  undertake  such  details. 

NAVSEC  is  also  limited  in  its  ability  to  develop  detailed  specifica- 
tions, installation  sketches  and  weights  in  a timely  manner  to  be  used  by 
SEA  01 G for  each  discreet  design  change.  Hence,  the  cost  aspect  of  DTC 
studies  becomes  rather  broad  based,  which  is  satisfactory  for  preliminary 
ship  or  system  concepts,  but  unsuitable  as  the  design  gets  further  along  in 
the  advanced  development  phase. 

Progress  On  Tasks 

SEA  01 G has  been  meeting  its  obligations  to  assist  in  DTC  studies. 
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Estimated  Time  Spent  Past  Two  Years 


A yearly  average  of  four  man-months  is  devoted  to  DTC  work. 

Impact  On  Other  Functions 

Depending  upon  the  number  of  new  DTC  studies  being  developed, 
there  could  occasionally  be  an  impact  on  the  ability  to  prepare  various  budget 
and  other  acquisition  estimates. 

Discussion 

The  present  budget  problems  and  the  cost  consciousness  of  the  Admin- 
istration, Congress,  Department  of  Defense  and  the  country  as  a whole  make 
it  apparent  that  Design-to-Cost  is  a mandatory  tool  in  military  acquisitions. 
Thus,  NAVSEA  and  the  other  Commands  must  be  prepared  to  undertake  the 
necessary  cost  trade-off  and  iterative  cost  studies. 

Findings 

NAVSEA  is  presently  losing  its  focal  point  to  coordinate  and  plan 
DTC  studies  and  whether  the  assignment  will  ultimately  remain  in  SEA  0745 
is  not  known.  As  an  alternative,  the  responsibility  could  be  logically  assigned 
to  NAVSEC  in  view  of  their  major  involvement  in  the  design  development 
and  cost  versus  ship  characteristic  and  performance  trade-off  studies.  The 
other  involved  groups,  namely  SHAPM,  SEA  01 G and  the  Participating 
Managers,  would  continue  their  present  role  and  responsibilities. 
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16.  COST  MODELING 


Definition 

Cost  Modeling  is  an  estimating  tool  wherein  a set  of  mathematical 
relationships  is  arranged  in  a systematic  sequence  to  formulate  a cost  method- 
ology in  which  outputs  (cost  estimates)  are  derived  from  inputs  (descriptions 
of  equipment,  organization  or  system).  Cost  models  can  vary  from  a simple 
one-formula  model  to  an  extremely  complex  model  involving  hundreds  of 
calculations  generally  using  a computer. 

Purpose 

The  object  of  a cost  model  is  to  translate  historical  or  current  cost 
data  from  possible  different  systems  or  equipment  into  an  estimate  of  future 
costs  for  the  system  or  equipment  being  costed.  The  projections  are  usually 
calculated  by  cost  estimating  relationships  (CERs),  factors,  engineering  estim- 
ates, or  other  types  of  estimates,  where  applicable.  The  consistency  of  re- 
sponse inherent  In  cost  models  enables  the  analyst  to  make  comparisons  among 
alternatives.  The  analyst  can  be  sure  that  identical  Inputs  are  treated  alike 
and  that  the  differences  in  cost  estimates  are  based  on  differences  in  basic 

f 

input  parameters. 

Principal  Directives 

Cost  modeling  is  a methodology  of  developing  cost  estimates,  whether 
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it  is  accomplished  with  a hand  calculator  or  whether  a computor  program  is 
utilized.  There  are  no  specific  Navy  directives  that  formally  establishes  a 
requirement  for  cost  modeling,  however  this  method  is  presently  being  used 
within  NAVSEA  as  a labor  saving  estimating  tool. 

Action  Code  in  NAVSEA 

There  is  no  focal  point  of  responsibility  within  NAVSEA  for  Cost 
Modeling.  The  Naval  Ship  Engineering  Center  (NAVSEC)  has  devel- 
oped computerized  cost  models  which  utilize  cost  information  from  SEA  01G. 
There  are  *hree  types  of  models  commonly  used,  namely: 

- Acquisition  models  which  look  at  acquisition  costs  as  a function 
of  design  parameters.  These  are  developed  for  almost  all  ships 
where  design  trade-off  studies  are  being  done,  also  for  individual 
items  of  equipment. 

Models  that  compute  total  life  cycle  operating  and  support  cost’s  for 
particular  ship.  These  are  used  for  trade-off  studies  on  pro- 
jects such  as  DG  AEGIS,  Sea  Control  Ship,  PF  (FFG)  and  others. 
Sometimes  total  LCC  analysis  is  done  by  combining  these  two 
Programs. 

Integrated  LCC  models  which  look  at  all  elements  of  cost  at  one 
time,  such  as  for  Trident  submarines. 
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The  Division  of  Cost  Estimating  and  Analysis  (SEA  01G)  also  utilizes  cost  models 
for  use  in  preparing  ship  and  ship  systems  estimates  and  budgets  as  hereinafter 
explained. 

SEA  01 G Responsibilities 

NAVSEAINST  5400.1  assigns  SEA01G  as  the  Commands  focal  point  for 
all  cost  estimates.  It  also  directs  that  the  Division  provide  ADP  system  design 
and  management  to  support  the  total  cost  analysis/cost  estimating  function  and 
to  maintain  a centralized  ship  cost  data  bank. 

This  support  is  being  provided.  Many  of  the  computer  models  are  of 
the  accumulative  type  which  use  Cost  Estimating  Relationships  (CER)  and 
allow  input  variations.  This  ensures  uniformity  and  accuracy  of  estimate 
outputs.  Special  programs  to  suit  specific  estimating  requirements  are  also  developed. 
In  addition,  SEA  01 G has  an  option  under  it's  major  computerized  CostModel  for 
developing  End  Cost  Analyses  (cost  to  government)  for  budgets.  The  Cost  Modeling 
capabilities  have  not  yet  been  extended  to  permit  unit  estimating,  other  than 
having  developed  a data  base  for  sonar  and  non-ship  electronic  equipment. 

Identification  of  Tasks  Assigned  to  SEA  01 G 

_ 

The  Cost  Modeling  program  is  geared  to  assist  the  estimators  in  per- 
forming specific  tasks. 
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Progress  On  Tasks 


With  the  presently  lirrited  scope  of  the  computer  programs,  the  Cost 
Analysis  Branch  in  SEA  01 G is  able  to  meet  the  estimating  staff's  requirements. 

Estimated  Time  Spent  Past  Two  Years 

Approximately  eight  man-months  of  effort  was  required  to  develop 
the  present  aforementioned  computer  programs  and  the  equivalent  of  about 
one  man-week  of  effort  is  required  annually  from  SEA  01  G for  general  staff 
assistance  to  SEA  01 G users. 

In  order  to  develop  a more  analytical  use  of  Cost  Estimating  Relation- 
ships (CERs)  and  to  permit  unit  estimating  which  requires  the  input  of  detailed 
bid  back-up,  returned  cost  data,  and  other  cost  details,  it  is  anticipated 
that  one  full-time  man  would  be  required.  This  program  might  alternatively 
be  accomplished  through  a private  contractor  at  an  approximate  cost  of 
$150,000  over  two  years,  and  after  completion  at  about  $25-50,000  yearly 
for  updating  and  maintaining  the  programs. 

As  an  illustration  of  the  number  of  cost  estimates  developed  through 
the  use  of  computer  models,  approximately  250  separate  estimates  of  the 
total  program  costs  were  prepared  in  the  design  development  of  the  SCS  ship. 
During  the  preliminary  design  of  the  new  class  of  AO  ships,  fewer  estimates 
were  made  but  they  were  more  sensitive  to  detail  design  characteristics. 

i i 
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Impact  On  Other  Functions 


Under  present  effort  level,  there  is  no  impact  on  SEA  OlG's  other 
functions.  An  in-depth  implementation  of  a broader  computer  program, 
however,  would  improve  the  effectiveness  at  the  Division. 

Computer  programs  combined  with  adequate  and  current  data  banks 
can  save  considerable  estimating  time,  expecinlly  when  compared  to  the 
usual  manner  where  the  estimator  maintains  his  own  data  bank  or  has  only 
limited  information  with  which  to  work. 

Benefits  To  Navy  Budget  Or  Manpower 

The  existing  cost  modeling  programs  are  of  value  to  the  estimator  in 
providing  arithmetical  accuracy  and  consistency  in  the  end  product.  An 
expanded  cost  modeling  effort  to  provide  a current  and  more  useful  data 
bank  would  enhance  the  estimating  capability. 

Discussion 

Cost  modeling,  as  practiced  by  NAVSEC,  is  an  off-shoot  of  programs 
initially  prepared  to  develop  ship  weights  for  engineering  and  also  for  estim- 
ating purposes  by  both  SEA  01 G and  NAVSEC.  These  programs,  which  are 
reasonably  extensive,  now  undertake  cost  models  in  terms  of  cost  trade-off 
and  Design-to-Cost  studies. 
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Cost  modeling  as  practiced  by  SEA  01  G,  the  Command's  focal 
point  for  estimating,  is  limited  in  scope.  The  availability  of  bid  back-up 
costs,  returned  costs,  and  other  cost  data  which  is  limited  at  present,  could 
form  the  base  of  extended  computer  programs.  This  would  provide  a better 
base  and  broaden  estimating  capabilities. 

Findings 

The  extension  of  SEA  01 G cost  modeling  activities  to  provide  a 
dynamic  data  base  would  benefit  the  cost  estimating  process.  Consideration 
should  be  given  to  adapting  and  amplifying  the  NAVSEC  program  to  include 
unit  costing  capability. 
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17. 


OVERHEAD  ANALYSIS 


Definition 

Overhead  Analysis  is  the  intensive  review  of  current  overhead  (or 
indirect)  cost  elements,  i.e.,  labor  related  variable  costs,  semi-variable 
costs,  and  fixed  costs,  as  a means  of  predicting  possible  changes  in  shipyard 
overhead  for  use  in  future  cost  estimates. 

Purpose 

Over  the  past  ten  years, the  overheads  in  the  shipbuilding  industry 
have  risen  from  a range  of  60  to  80  percent  of  direct  labor  dollars  to  a range 
of  90  to  120  percent.  Thus,  changes  in  overhead  do  have  a 
significant  effect  on  an  estimate.  It  is  necessary  to  review  and  update  the 
effect  that  each  of  the  many  overhead  cost  drivers  have  on  the  total  overhead 
assigned  to  each  acquisition  project. 

The  composition  of  the  principal  overhead  elements,  each  sub-element 
of  which  is  composed  of  many  detailed  items,  is  as  follows: 

. Labor  Related  Variable  Costs 

- Indirect  labor 

- Maintenance  labor,  bid  and  proposal  expense, and  R&D 

- Fringes  and  benefits 
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Semi-Variable  Costs 


- Maintenance  and  repair  material 
Energy  costs 

- Information  processing  and  home  office  expenses 

. Fixed  Costs 

Depreciation  and  others 
Fixed  repairs 

- General  overhead 

The  Overhead  Analysis  process  requires  the  collection  of  data,  sen- 
sitivity analysis  with  related  models,  understanding  of  economic  changes  and 
trends,  and  effects  of  these  changes  on  the  many  afore  listed  cost  components 
The  effort  requires  an  understanding  of  various  accounting  systems  and  a coop 
erative  effort  of  the  contractors,  DCAA  and  others  to  ensure  access  to  the 
required  information.  This  is  not  a duplication  of  DCAA's  responsibilities  on 
existing  contracts,  but  rather  it  provides  a base  for  budgeting  cost  estimates 
well  in  advance  of  the  normal  responsibilities  of  DCAA. 

Principal  Directives 

Overhead  Analysis  is  not  explicitly  addressed  in  any  directive,  but  is 
encompassed  by  directives  concerning  cost  analyses.  SECNAVINST.  5000.2 
requires  that  detailed  cost  estimates  shall  be  supplemented  by  appropriate 
economic  analysis.  OPNAVINST.  7000.11  requires  submittal  of  CCDR, 
part  of  which  information  is  overhead  data. 
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A joint  effort  of  DOD  (I&.L)  and  National  Aeronautics  and  Space 
Administration  (NASA)  resulted  in  development  of  a "Guide  for  Monitoring 
Contractors  Indirect  Cost"  of  3 July  1974  (Navy  P-4330).  This  is  in  consid- 
erable greater  depth  than  "Overhead  Analysis"  as  defined  in  this  paper  since 
it  is  essentially  used  as  a guide  in  managing  indirect  costs  and  thus  contro 
their  growth.  Effort  to  monitor  overhead  on  the  basis  of  this  guide  has  been 
poorly  received  by  the  contractors  and  it  has  never  been  implemented.  This 
guide  for  controlling  overhead  costs  is  somewhat  similar  to  a Should  Cost 
program  for  shipbuilding  or  other  major  acquisitions. 

Action  Code  in  NAVSEA 

NAVSEA  INST.  5400.1  assigns  SEA  01G  as  the  central  cost  estimating 
action  code. 

SEA  01G  Responsibilities 

This  Code  is  responsible  to  develop  and  maintain  current  overhead  in- 
formation and  preparing  projections  based  on  the  present  economic  trends.  The 
data  used  in  overhead  analyses  is  usually  obtained  from  bids,  audit  reports, 

CPRs,  field  activities  and  others.  The  overhead  analysis  prepared  by  SEA  01  G 
is  primarily  for  budgeting  and  estimating  purposes.  The  current  practice  at  con- 
tract award  time  is  for  the  contract  negotiator,  SEA  022,  to  completely  depend 
upon  the  evaluation  of  DCAA  as  to  the  reasonability  and  propriety  of  the  over- 
head in  the  proposals  . 
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Identification  of  Tasks  Assigned  to  SEA  01 G 

Each  estimate  includes  a cost  factor  for  overhead  which  is  composed 
of  many  subfactors.  Each  of  these  rapidly  change  under  the  influence  of 
varying  workloads,  union  negotiations,  fuel  costs,  taxes,  capital  investment 
cndother  factors.  Methods  of  establishing  overheads  also  differ  by  yard,  hence 
an  average  national  or  regional  shipyard  overhead  factor  may  fall  far  from  the  over- 
head actually  allowed  in  a specific  shipbuilding  contract.  Thus,  overhead  is 
a very  fluid  and  important  estimating  nnd  budgeting  consideration. 

Each  of  the  many  overhead  factors  must  be  carefully  monitored,  ana- 
lyzed and  projected  for  each  proposed  budget  and  contract.  The  overhead  rate 
will  vary  throughout  the  entire  contract.  SEA  01 G proposes  to  create  an  in- 
house  computer  data  base  of  relevant  and  current  overhead  data.  This  requires 
a better  understanding  of  major  shipyard  accounting  practices  and  also 
requires  a better  flow  of  detailed  information  from  SupShips,  DCAAs  and  con- 
tractors to  SEA  01 G.  The  proposed  models  will  have  capabilities  with  varying 
scenarios,  such  as  manning  requirements,  effect  on  construction  delays,  and 
work  backlogs. 

Progress  on  Tasks 

The  development  of  improved  overhead  predictions  is  well  under  way. 

The  establishment  of  an  adequate  flow  of  detailed  overhead  data  must  be 
assured  and  programmed. 
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Estimoted  Time  Spent  Past  Two  Years 


In  the  last  year,  one  staff  member  devoted  about  40  percent  af  his  time 
ta  conducting  overhead  analyses  as  a result  of  a concerted  effort  ta  analyze 
detailed  data  received  from  DCAA.  This  does  not  provide  for  the  development 
of  additional  improved  computer  programs  as  planned. 

Impact  On  Other  Functions 

The  present  level  af  effort  in  undertaking  overhead  analyses  daes  not 
impact  on  the  other  cost  analysis  responsibilities.  However,  additional  com- 
puter program  development  and  data  retrieval  work  would  affect  other  cost 
analysis  work  in  SEA  01  G if  additional  staff  is  not  made  available. 

Benefits  To  Navy  Budget  Or  Manpower 

The  development,  maintenance  and  availability  of  current  overhead 
projections  for  the  various  major  shipyards  construction  naval  ships  would 
assist  in  preparing  credible  estimates  and  budgets. 

Discussion 

Overhead  with  its  many  components  has  been  demonstrated  to  be  a 
major  factor  in  the  preparation  af  credible  estimates.  During  the  past  ten 
years,  overhead  as  a percentage  of  direct  labor  has  risen  on  the  average  about 
50  percent.  Actual  overhead  dollars  in  one  yard  have  risen  about  74  percent 
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as  compared  to  a 53  percent  growth  in  labor  dollars  over  the  same  ten  year 
period. 


The  majority  of  overhead  information  presently  received  by  SEA  01 G 
is  minimal  in  nature,  usually  a single  number  expressing  the  overhead  of  an 
on-going  or  proposed  contract.  Other  information  obtained  by  SEA  01 G is 
obtained  in  an  informal  manner.  Much  of  this  limited  data  has  revealed  the 
fluid  nature  of  overhead  costs  which  emphasizes  the  need  to  develop  necessary 

data  banks  to  permit  overhead  projections  for  estimating  and  budgeting  purposes. 

; 

SEA  01 G has  been  using  average,  or  most  reasonable,  overhead  rates 
based  on  past  bids  adjusted  for  projected  work  loads  in  their  estimates. 

Attempts  have  been  made  to  utilize  the  very  limited  data  from  DCAA  offices. 
The  availability  and  analysis  of  detailed  overhead  breakdowns  from  a wider 
variety  of  shipyard  sources  would  allow  the  development  of  overhead  pro- 
jections with  greater  confidence. 

Findings 

There  is  a need  for  NAVSEA  to  immediately  develop  additional 
sources  of  information  covering  detailed  cost  breakdowns  and  projections  of 
shipyard  overhead.  This. information  should  be  placed  into  a data  bank  on  a 
continuing  basis  and  analyzed,  preferably  through  the  use  of  computer  pro- 
grams. 
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18.  FIELD  AUDIT 


Definition 

Field  Audit  is  the  review  and  evaluation  of  field  activities  relating  to 
policies,  procedures,  methodology  and  capability  to  perform  cost  estimating. 
Typically,  the  Field  Audit  will  be  conducted  in  such  organizations  as  naval 
shipyards  and  Supervisor  of  Shipbuilding  offices. 

Purpose 

The  purpose  of  these  audits  is  to  ensure  that  all  field  policies  and 
procedures  conform  to  the  regulations  and  policies  of  NAVSEA;  to  ensure  that 
the  data  base  is  valid  for  the  application;  to  ensure  that  the  estimating 
methodology  is  properly  used;  and  to  ensure  there  Is  adequate  feedback  to  check 
the  reasonableness  of  previously  made  estimates. 

Principal  Directives 

NAVMATINST  7000. 19A  of  30  July  1976  directs  that  each  SYSCOM 
responsible  for  major  weapon  system  acquisition  shall  maintain  a designated 
central  cost  ana  I ysis/esti  mating  group  capable  of  generating/certifying  complete, 
consistent  estimates  for  the  development,  investment  and  operation  of  weapon 
systems  under  his  cognizance.  It  further  states  as  policy,  that  within  each 
Systems  Command  there  shall  be  one  focal  point  referred  to  as  the  Cost  Analysis 
and  Estimating  Group  (CAEG)  which  is  responsible  for  cost  estimating  policy 
and  guidance. 
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Action  Code  In  NAVSEA 


NAVSEA  INST  5400.1  directs  SEA  01G  to  conduct  field  audits. 

SEA  01 G Responsibilities 

This  Division  is  responsible  for  establishing  procedures  and  policies 
for  the  development  and  documentation  of  estimates  developed  in  the  field. 

For  example,  one  of  the  assignments  is  to  monitor  estimates  developed  by 
Planning  and  Engineering  for  Repair  and  Alteration  (PERA)  groups  who  plan 
and  estimate  overhauls  and  repairs  of  ships  in  naval  shipyards.  The  Ship  Logis- 
tic Managers  (SLM),as  well  as  SEA  04, are  also  involved  in  PERA  activities. 

The  estimating  techniques  used  by  PERA  closely  resemble  those  used  by 
commercial  ship  and  repair  yards  except  that  with  the  advent  of  stabilized  rates, 
the  yard  has  little  if  any  control  over  the  rates  charged  to  customers.  This 
stabilized  rate  includes  all  incidental  material  needed  to  perform  repair  or 
alteration  work;  thus,  the  PERA's  prime  and  only  function  is  to  develop  the 
man-days  required  for  the  alteration  or  repair  item.  Work  orders  for  each  repair 
and  alteration  are  developed,  and  detailed  labor  estimates  are  made  of  each  work 
order.  This  differs  from  ship  and  ship  system  estimates  developed  by  SEA  01 G where 
the  nine  group  system  using  ship  weights  and  applying  broad  dollars  per  ton  factors 
to  these  weights  are  used.  Also,  SEA  01 G forecasts  labor  and  overhead  rates  for 
private  and  naval  shipyards  plus  GFM.  Thus,  Field  Audits  of  PERAs  would  be  in 
the  areas  of  methodology,  policies,  and  other  factors  related  to  man-day  estimates. 
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Identification  of  Tasks  Assigned  to  SEA  01 G 


Negligible  field  audit  work  has  been  undertaken  by  SEA  01 G due  to 
press  of  higher  priority  cost  estimating  work.  One  staff  member  recently  participated 
with  an  Industrial  and  Facility  Management  Directorate  (SEA  07)  team  sent  to 
the  Philadelphia  Naval  Shipyard. 

Progress  on  Tasks 

There  are  no  Field  Audits  projects  underway  at  this  time. 

Estimated  Time  Spent  Past  Two  Years 
Negligible. 

Impact  on  Other  Functions 

Under  present  effort  level,  there  is  no  impact  on  SEA  OlG's  other 
functions. 

Benefits  to  Navy  Budget  or  Manpower 

If  the  responsibility  would  be  implemented  by  SEA  01  G,  audits  of 
PERA  and  other  field  groups  estimating  and  budgeting  capabilities  would  be 
established  and  documented. 


D-237 


Discussion 


The  responsibility  of  SEA  01G  to  conduct  Field  Audits  is  clear.  It  is 
also  desirable  to  have  a central  cost  estimating  and  cost  analysis  responsibility 
within  NAVSEA  which  establishes  policy  and  broad  procedures  for  both  central 
and  field  activities.  In  the  absence  of  having  conducted  full  field  audits, 
the  benefits  are  unknown  at  this  time. 

Findings 

This  function  is  not  being  implimented  at  the  present  time  to  any 
significant  degree. 


i 
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19.  SPECIALIZED  PROGRAM/SOFTWARE  COSTS 


Definition 

Specialized  Program;/ Software  Costs  relate  to  estimates  for  specific 
areas  of  acquisition  contract  requirements  that  may  or  may  not  be  hardware 
oriented.  These  may  affect  the  basic  estimates  for  hardware,  material,  man- 
power requirements,  engineering  anchor  overhead.  Examples  of  such  costs  are: 

. System  Engineering  Disciplines 
. Improved  Test  and  Evaluation 

. Project  Management  Costs 

. Improved  Combat  Survivability 
. Federal  Regulations  and  Laws 

. Safety  Engineering 

. Human  Factor  Engineering 

. Standardization 

. Quality  Assurance 

. Value  Engineering  Project  Management 
. Proposed  Metrication 

. Cost  Schedule  Control  System 

. Other  Special  Reports 


Purpose 


In  order  to  budget  for  total  program  costs,  all  cost  elements  from  conception 
thru  delivery  must  be  considered.  Specialized  Program  Costs  generally  reflect 
Navy  requirements  which  are  inherently  difficult  to  estimate  due 
to  the  absence  of  ready  measures  to  scope  or  quantify  the  cost 
impact.  Due  to  the  lack  of  definition,  added  complications,  and  manpower  re- 
quirements the  shipbuilders  have  objected  to  many  of  the  requirements  as  was  noted  in 
the  paper  prepared  by  the  Shipbuilders  Council  of  American  of  October  22,  1974. 
Cost  estimates  prepared  by  industry  for  such  requirements  have  had  wide  variances. 
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Within  the  shipbuilding  program,  costs  referred  to  as  System  Engineering  or 
"llities"  were  initiated  with  the  Concept  Formulation/Contract  Definition 
process  such  as  with  the  FDL,  LHA  and  DD  963  programs. 

Typical  items  included  in  Ship  Systems  Engineering  are:  Reliability  and 
Maintainability,  Safety  Engineering,  Design  Work  Study  and  Human  Factor 
Engineering,  Standardization,  Integrated  Logistic  Support,  Quality  Assurance, 
Value  Engineering,  Project  Management  Support  and  Configuration  Management. 
New  program  cost  requirements  now  emphasized  are  Combat  Weapon  Systems, 
Survivability/Vulnerability,and  Test  and  Evaluation.  In  addition,  cost  impacts 
are  associated  with  programs  such  as  Habitability,  and  the  Cost  Schedule  Control 
System.  The  planned  use  of  the  Metric  System  is  expected  to  incur  additional 
costs  and  is  an  example  of  a new  requirement  that  is  difficult  to  define  but  its 
cost  impact  must  be  budgeted  no  matter  how  gross  the  estimate. 

In  addition  to  program  cost  elements  which  have  been  initiated  by  the  Navy 
and  DOD,  are  costs  associated  with  Federal  regulations  and  laws  such  as  the 
Occupational  Safety  and  Health  Act  (OSHA),  increase  in  Social  Security 
Benefits,  impact  of  the  Longshoremen's  and  Harbor  Worker's  Compensation  Act, 
and  Environmental  Legislation.  A discussion  of  the  Economic  Impact  of  Environ- 
mental Protection,  Occupational  Health  and  Safety  and  Workman's  Compensation 
on  the  U.S.  is  included  in  the  Report  of  the  Commission  on  American  Ship- 
building of'  October  1973. 
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Common  to  all  the  preceding  requirements  is  increased  costs  and  difficulty 
in  accurately  estimating.  The  costs  for  most  of  the  Ship  System  Engineering 
Disciplines  are  paper  end-products  (both  engineering  and  management  systems) 
vice  hardware,  to  produce  a better  product.  These  costs  can  impact  the  ship- 
builders' or  Government's  administrative  costs. 

Principal  Directives 

Ml L-STD-881  provides  the  work  breakdown  structures  for  Systems  Engineering 
and  supporting  Project  Management  cost  elements  for  all  major  defense  material 
items.  A NAVMAT  pamphlet  “Selected  Aspects  of  Ships  Engineering"  dated 
May  1969  is  a compilation  of  discussion  papers  which  briefly  describe  and  pro- 
vide approximate  cost  factors.  Typical  Directives  which  also  list  requirements 
are  as  follows: 

Testing  and  Evaluation 
Combat  Survivability 
Reliability  of  Naval  Material 
Cost  Schedule  Control  System 
Habitability 

Integrated  Logistic  System  (ILS) 

Metrication 
Data  Management 

t 
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NAVSEAINST  3960.2 
NAVSEAINST  5400.19 
NAVMATINST  3000.1 
DO  DIN  ST  7000.2 
OPNAVINST  9330.5 
NAVSEAINST  4410.20 
DODINST  4120.18 
NAVSEAINST  4000.6 


Action  Code  in  NAVSEA 


There  is  no  central  focal  point  assigned  for  the  Ship  System  Engineering 
or  other  disciplines  although  most  of  the  functions  are  within  the  SEA  04  and 
06  Directorates,  in  organizational  elements  outside  of  NAVSEA  the  function 
is  widely  dispersed. 

SEA  01 G Responsibilities 

As  the  centralized  cost  estimating  group  for  shipbuilding  and  focal  point 
for  cost  related  functions,  SEA  01  G has  the  inherent  responsibility  to  ensure 
all  programs  are  fully  costed. 

Identification  of  Tasks  Assigned  to  SEA  01 G 

Based  on  contract  data  for  the  three  mafor  Concept  Formulation/ 

Contract  Definition  (CF/CD)  programs,  gross  cost  factors  were 
developed  to  reflect  costs  associated  with  the  Ship  System  Engineering 

Disciplines.  The  factors  have  not  been  fully  applied  to  all  new  ship  programs  as 

no  program  approached  the  same  magnitude  of  intensive  effort  as  those  which 

went  thru  the  formal  CF/CD  process.  In  addition  the  new  contracts  have  not 

required  full  identification  of  the  costs  associated  with  Ship  Systems  Engineering 

and  therefore  are  inherently  included  in  the  material  and  labor  cost  factors  used. 

Estimated  costs  for  new  program  elements  such  as  Test  and  Evaluation  and  Combat 

Survivability  are  obtained  from  the  respective  NAVSEA  Codes  which  are  assigned 

the  focal  point  for  these  disciplines.  Cost  impact  data  for  Federal  regulations  and 
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laws  have  been  extracted  to  the  extent  possible  from  the  aforementioned  Report 
prepared  by  the  Commission  American  Shipbuilding  and  from  other  sources. 

Progress  on  Tasks 

This  is  a continuing  process  and  the  applicable  costs  are  included  in 
each  estimate. 

Estimated  Time  Spent  Past  Two  Years 

Approximately  90  percent  of  one  man's  time  is  devoted  to  this  task. 

Impact  on  Other  Functions 

While  NAVSEA  01  G has  the  inherent  responsibility  to  ensure  all  programs 
are  fully  costed,  the  dollar  impact  of  many  of  the  specialized  program  costs 
defy  accurate  estimates.  Considerable  time  is  usually  spent  in  attempting  to 
scope  or  define  the  requirements,  or  when  feasible  to  extract  from  shipyard  bid 
breakdowns.  The  function  is  presently  done  on  a part  time  basis.  The  amount 
of  time  spent  on  justification  of  the  gross  cost  factors  can  exceed  the  amount 
of  time  spent  in  estimating  it  during  a budget  review  process. 

Benefits  to  Navy  Budget  or  Manpower 

While  the  special  engineering  and  management  systems  reflected  in  the 
Ship  Systems  Engineering  and  other  disciplines,  as  well  as  the  newer  management 

I ’ 

systems  and  other  specialized  programs  have  the  objective  of  producing  a better 
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end  product  and  at  times  a lower  LCC,  the  real  cost  is  frequently  unkown. 
Discussion 


The  proliferation  of  Navy  Specialized  Programs  and  requirements  in  its 
acquisition  process  increases  shipbuilding  costs.  The  shipbuilders  over  several 
years  have  emphasized  certain  of  these  requirements  as  non-beneficial  cost 
drivers,  with  special  reference  to  reporting  requirements,  quality  assurance 
programs,  role  of  Defense  Contract  Audit  Agency  and  monitoring  of  contractor 
purchasing  actions  and  systems.  The  shipbuilders  recommend  these  requirements 
should  be  substantially  and  reasonably  reduced.  Obviously,  their  costs  are 
included  in  the  overall  acquisition  price  of  Naval  ships.  Many  of  the  other 
Specialized  Programs  have  long  range  benefits  to  the  Navy  and  are  also 
included  in  the  price. 

The  inability  of  both  the  contractors  and  the  Government  to  properly 
price  these  programs,  many  of  which  are  only  of  recent  origin,  is  evident. 

The  estimated  cost  of  conducting  the  Specialized  Programs  by  the  bidder,  is 
frequently  spread  through  each  unit  cost,  for  example  quality  assurance  which 
affects  in  varying  degrees  the  cost  of  performing  each  work  unit.  The  bidder 
may  arbitrarily  place  the  costs  in  overhead,  in  other  management  factors,  or 
it  may  be  separately  priced.  Thi  s lack  of  a firm  data  base  makes  it  difficult 
for  NAVSEA  estimators  to  evaluate  the  cost  of  each  Special  Program. 

i 
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The  cost  added  to  the  overall  acquisition  price  is  considered  signifi- 
cant and  must  be  included  in  all  NAVSEA  estimates.  The  introduction  of 
Special  Program  requirements  is  not  always  prefaced  by  a cost  analysis  which 
is  needed  to  provide  an  understanding  of  the  impact  of  these  requirements  on 
the  shipbuilding  program. 


Findings 

. Before  a new  requirement  initiated  by  DON  or  DOD 

is  implemented,  a cost  analysis  should  be  required  by 
the  office  developing  the  requirement.  The  cost 
analysis  should  address  the  cost  impact  in  terms  of  the 
contract  and  of  impact  on  Navy  appropriations. 

. The  shipbuilding  industry  should  be  formally  solicited 

for  comments  on  feasibility  and  cost  before  the  formal 
issuance  of  NAVSEA  requirements. 

. When  Congressional  legislative  programs  have  a cost 

impact  on  the  industry,  NAVSEA  and  the  Shipbuilder's 
Council  should  address  the  costs  during  appropriation 
hearings  as  a matter  of  routine. 

. Due  to  the  difficulty  of  knowing  the  cost  impact  and  the 

many  sources  of  requirements,  consideration  should  be 
given  to  having  a focal  point  or  an  established  board 
within  the  Naval  Material  Command  whose  function 
would  include  responsiblity  for  monitoring  the  develop- 
ment of  all  non-hardware  requirements  placed  on  the 
industry.  This  would  include  the  requirements  that 
cost  impact  analyses  are  made  and  that  industry  is  so- 
licited for  feasibility. 


i 
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20.  COST  ESTIMATE  VALIDATION 


Definition 

Cost  estimate  validation  is  the  critical  review  process  that  validates 
all  cost  estimates  and  related  cost  analysis  efforts. within  headquarters  prior 
to  release  by  the  SYSCOM  as  an  official  cost  estimate. 

Purpose 


Validation  ensures  compliance  with  established  estimating  procedures 
and  policies,  and  by  examination  of  the  cost  details  identify  errors,  incon- 
sistencies, incompleteness  and  uncertainties  which  would  make  estimates 
unrealistic . 

Principal  Directives 

NAVMATINST  7000. 19A  of  30  June  1976  requires  that  every  offi- 
cial major  weapon  system  cost  estimate  transmitted  outside  of  NAVMATCOM 
shall  be  documented  by  the  originator  of  the  estimate  and  reviewed  by  the 
applicable  SYSCOM  Cost  Analysis/Estimating  Group  (CAEG)  prior  to  authen- 
tication by  the  Chief  of  Naval  Material  or  his  designated  representative. 

The  same  detailed  attention  as  other  major  estimates  shall  be  given 
to  GFE/GFI  estimates  for  major  subsystems  and  are  to  be  reviewed  by 
CAEG  before  being  included  in  an  official  cost  estimate. 

f 


D-246 


Action  Code  in  NAVSEA 


Cost  Estimoting  and  Analysis  Division  SEA  01 G. 

SEA  01 G Responsibilities 

NAVSHIPSINST  5432.  IB  CH-14  of  23  Morch  1971  states  that 
SHIPS  0161  (now  SEA  01  G)  hod  the  responsibility  of  "clearing"  all  ship 
construction  or  conversion  cost  estimates  going  to  activities  outside  of  the 
Command.  In  addition,  it  was  also  responsible  for  "validating"  cost  estim- 
ates for  software  requirements  on  GFM.  Under  the  latest  issue  of  NAVSEA 
5400.1,  SEA  01 G still  has  the  Cost  Estimate  Validation  responsibility. 

As  the  Command  focal  point  for  all  Cost  Estimotes,  SEA  01 G is 
responsible  for  ensuring  that  all  such  estimates  are  professional  and  con- 
sistent. It  is  responsible  for  preparing  justifications  for  each  estimate  given 
to  CNM,  CNO,  NAVCOMPT  and  Congress.  The  Program  Manoger  may 
change  estimates  prepared  for  his  use,  but  SEA  01 G has  direct  occess  to 
NAVSEA  01  in  case  of  disogreements  over  estimates. 

SEA  01 G is  also  responsible  for  collecting,  validating  and/or  devel- 
oping cost  estimates  for  combat  system  software  requirements  for  GFM  for 
shipboord  opplicotion. 
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Identification  af  Tasks  Assigned  to  SEA  01 G 


The  Division  of  Cost  Estimating  and  Analysis  does  validate  all  ship 
estimates.  Due  to  insufficient  staffing  and  information,  it  does  not  however, 
fully  validate  GFM  or  equipment,  but  does  give  it  a perfunctory  review. 

Progress  on  Tasks 

Within  the  limitations  indicated  above,  SEA  01G  does  perform 
its  responsibilities. 

Estimated  Time  Spent  Last  Two  Years 

Approximately  one  man-year  of  staff  is  devoted  annually  on  these  projects. 
Impact  on  Other  Functions 

Within  the  limitations  of  its  present  validating  functions,  the  present 

I 

workload  is  unaffected.  Implementation  of  the  GFM  validation  would  affect 
the  manpower  application  to  other  functions  unless  the  present  staff  is  increased. 

Benefits  to  Navy  Budget  ar  Manpower 

Validation  of  GFM,  as  well  as  ship  estimates,  would  improve 
credibility  af  the  estimates. 
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Discussion 


Cost  Estimate  Validation,  or  the  critical  review  process  of  all  cost 
estimates  at  a Command  focal  point,  improves  the  quality  of  the  estimate 
and  assures  compliance  with  uniform  procedures  and  policies.  SEA  01 G, 
the  NAVSEA  focal  point  for  this  responsibility,  is  now  performing  this  function 
for  all  ship  estimates.  It  is,  however,  only  performing  in  a perfunctory 
manner  on  GFM.  SEA  01 G indicates  that  it  is  unable  to  develop  a suitable 
data  bank  and  monitor  the  GFM  responsibility  under  its  present  workload 
without  supplementary  staff. 

Findings 

Proper  Cost  Estimate  Validation  of  both  ship  and  GFM  estimates 
should  be  performed  by  SEA  01 G,  the  Command's  focal  point  for  cost  estimating 
and  cost  analysis.  The  necessary  staff  member  should  be  provided  to  develop 
and  maintain  a GFM  data  bank  and  to  perform  the  necessary  validations. 


21 . CENTRAL  COST  MONITOR 


Definition 

The  Central  Cost  Monitor  is  the  organizational  unit  which  acts  as  the 
System  Command  focal  point  for  establishment  of  estimating  policies  and  pro- 
cedures to  be  followed  by  organizations  and  indiviudals  not  within  the  established 
central  cost  estimating  group.  The  monitor  establishes  measures  of  accuracy 
and  recommends  new  techniques  or  disciplines  as  needed. 

Purpose 

This  establishes  uniform  procedures  and  policies  required  to  produce  credible 
estimates.  It  includes  consideration  of,  but  is  not  limited  to,  methodologies, 
inflation  and  escalation  rates,  adequacy  of  data  base,  detail  and  depth  of 
estimate  on  related  cost  analysis,  and  documentation  and  classification  of  estimates. 

Principal  Directives 

In  a decision  paper  of  25  June  1971,  NAVSHIPS  01  established  SHIPS  016 
(now  SEA  01 G)  as  the  central  monitor  of  cost  effort  operations  in  NAVSHIPS 
(now  NAVSEA).  NAVMATINST.  7000. 19A  establishes  the  policy  that  within 
each  Systems  Command,  these  shall  be  one  focal  point  referred  to  as  the  Cost 
Analysis  Estimating  Group  (CAEG)  which  is  responsible  for  cost  estimating 
policy  and  guidance.  This  office  shall  be  so  identified  and  positioned 
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organizationally  as  to  make  its  preeminence  in  the  cost  estimating  area  readily 

apparent.  The  Central  Cost  Monitor  responsibility  of  SEA  01  G is  directed  in 

NAVSEAINST.  5400.1  which  states: 

“Ensuring  that  all  estimates  emanating  from  the  Command  are 
professional  and  consistent  including  providing  staff  assistance 
and  advice  on  cost  estimating  to  all  headquarters  and  field 
organizations.  r 

Action  Code  in  NAVSEA 

The  responsibility  is  assigned  to  the  Director  of  Cost  Estimating  and  Analysis 
(SEA  01  G)  as  the  central  monitor  of  all  cost  operations  in  headquarters  and  field 
organizations. 

SEA  01  G Responsibilities 

The  Director  is  responsible  to  undertake  overviews  of  headquarters  and 
field  cost  estimating  organizations  for  systemic  or  operational  weaknesses.  He 
should  also  critically  observe,  review  and  maintain  awareness  of  cost  estimating, 
price  analysis  and  technical  cost  analyses  operations  in  NAVSEA  components. 
However,  he  does  not  have  attendant  authority  for  direction,  control,  or 
supervision,  but  rather  has  the  responsibility  for  advising  the  authoritative 
headquarters  manager  of  action  needed. 

The  cost  related  function  Field  Audit  is  part  of  the  Central  Cost  Monitor 
function  responsibility. 
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Identification  Of  Tasks  Assigned  To  SEA  01 G 


Negligible  effort  has  been  undertaken  by  SEA  01 G due  to  the  press 
of  higher  priority  cost  estimating  and  analysis  work.  The  lack  of  sufficient 
staff  and  the  effort  being  generated  over  the  past  few  years  to  produce 
credible  estimates  in  light  of  acquisition  overruns,  has  precluded  efforts  in 
the  Central  Cost  Monitor  function. 

Progress  On  Tasks 

There  are  no  evaluations  underway  at  this  time. 

Estimated  Time  Spent  Past  Two  Years 
Negligible . 

Impact  On  Other  Functions 

During  apportionment  or  budget  reviews,  questions  invariably  arise 
over  estimates  in  the  OPN,  WPN  and  RDT&E  appropriations.  SEA  01  G has 
on  occasion  had  to  devote  time  and  effort  to  studies  and  reviews  for  items  in 
these  appropriations,  frequently  at  a time  when  the  office  is  occupied  in 
responding  to  SCN  "what  if  " questions.  Accordingly,  proper  time  and  atten 
tion  is  not  always  available  to  assure  full  consideration  to  all  problems. 
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Benefit’s  To  Navy  Budget  On  Manpower 


An  opportunity  to  monitor  headquarters  and  field  cost  effort  oper- 
ations may  result  in  the  development  of  more  credible  estimates. 

Discussion 

Credible  cost  estimating  is  a vital  factor  in  the  development  of 
military  acquisition  programs.  This  is  especially  true  during  the  present 
period.  Hence,  central  cost  monitoring  is  a tool  that  measures  estimating 
accuracy  and  recommends  new  techniques  or  disciplines  as  needed. 

Findings 

SEA  01  G is  the  logicol  organizational  unit  within  NAVSEA  to 
act  as  the  focal  point  to  establish  policies  and  procedures.  It  is  suggested 
that  annually  a small  group  be  established  under  the  guidance  of  SEA  01G 
to  review  the  various  estimating  techniques  used  in  NAVSEA  to  assure 
credible  cost  estimates  and  proper  coordination  and  responsibilities  within 
the  Command. 
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22.  DOCUMENTATION 


Definition 

This  relates  to  maintaining  complete  records  covering  the  entire 
history  of  ship  and  GFM  acquisition  estimates,  their  development,  assump- 
tions and  data  sources,  and  modifications  and  reasons  therefore. 

Purpose 

An  estimate  of  a major  weapon  system  and  other  components  is  pre- 
pared in  good  faith  based  on  the  best  available  data.  Later,  usually  when 
higher  costs  or  overruns  become  evident,  the  quality  of  the  estimates  may  be 
challenged.  Thus,  the  estimator  must  document  each  step  of  the  process. 

Principal  Directives 

Documentaion  is  required  by  DOD  and  as  most  recently  required  in 
NAVMAT  INST  7000. 19A  of  30  July  1976.  The  standard  Cost  Estimate 
Documentation  Summary  Form  (NAVMAT  7000/2 -July  1976)  sets  forth  the 
information  to  be  furnished.  This  is  for  use  outside  of  NAVSEA  and  covers 
only  highlights  , namely: 

. Technical  characteristics 

. Cost  and  procurement  assumptions 

. Developmental  and  risk  considerations 
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Documentation  of  major  GFM  cast  estimates  is  also  required  for  which 
NAVSEA  7300/5  Form  has  been  developed. 

Action  Code 

Under  the  NAVMAT  INST,  each  estimating  group  is  responsible  for 
proper  documentaion  whether  it  originates  in  NAVELEX  or  NAVAIR,  or 
whether  it  originates  within  the  several  estimating  groups  of  NAVSEA. 

SEA  01  G Responsibilities 

As  the  NAVSEA  focal  paint  for  ship  acquisition  estimates,  SEA  01  G 
is  responsible  for  undertaking  its  own  documentation  of  all  estimates.  In 
addition,  estimates  supplied  from  other  Commands  or  from  within  NAVSEA  for 
SEA  01 G use  should  be  accompanied  with  documentation  which  can  be  vali- 
dated before  becoming  port  of  the  total  ship  acquisition  estimate. 

Identification  Of  Tasks  Assigned  SEA  01  G 

SEA  01  G undertakes  many  estimates  during  each  fiscal  year.  The 
quality  of  the  estimate  is  largely  dependent  upon  technical  definition,  an 
adequate  data  base  and  sufficient  time  in  which  to  prepare  the  estimate. 
Documentation  is  time-consuming  or  seems  unimportant  in  relation  to  the  type 
of  estimate  required.  The  same  problem  affects  other  Commands  and  other 
estimating  groups  within  NAVSEA  who  may  be  pressed  for  time. 
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Progress  Cn  Tasks 


Documentation  is  required  for  every  estimate.  SEA  01 G staff 
indicate  they  maintain  more  voluminous  documentation  information  than 
required  under  NAVMAT  Form  7000/2.  Review  of  the  Division's  records, 
as  well  as  sources  of  weapon  systems  and  GFM  estimates,  indicate  incom- 
plete documentation  and  in  many  instances  the  only  information  is  through 
staff  discussions. 

Estimated  Time  Spent  Last  Two  Years 

SEA  01 G has  three  staff  members  who  review  GFM  pricing  infor- 
mation for  inflation  rates,  learning  curves  and  inclusion  of  proper  support 
costs.  This  is  on  a part  time  basis.  Collectively,  about  1 .25  man-years  of 
effort  is  annually  devoted  to  this  subject. 

Impact  On  Other  Functions 

To  the  extent  documentation  requires  some  work  effort,  it  may 
affect  the  overall  basic  estimating  requirements.  However,  this  cannot 
be  quantified.  In  any  event  documentation  is  part  of  the  required  estim- 
ating process. 
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Benefit-  To  Navy  Budget  Or  Manpower 


Good  documentation  is  one  method  of  identifying  the  effect  each 
Navy  staff  member's  decision  has  in  the  estimating  process.  This  would 
tend  to  minimize  adjustments  to  a professional  prepared  budget. 

Discussion 

The  requirements  for  proper  documentation  of  official  estimates  are 
clear.  Review  of  the  estimators'  files  indicate  a paucity  of  records  which 
would  normally  clarify  many  facets  of  the  estimate.  Documentation  must 
indicate  all  phases  of  an  estimate,  from  early  planning  to  conclusion. 
These  records  should  be  maintained  until  after  the  contracts  are  completed 
and  the  final  cost  adjudicated.  Good  documentation  is  the  estimator's 
tool  in  reconstructing  events  at  a later  date. 

Findings 

Documentation  for  all  estimates  and  components  must  be  prepared 
and  strengthened  for  all  estimates.  All  modifications  whether  made  by 
NAVSEA  or  others  and  the  reasons  therefore  should  be  recorded.  The 
documentation  information  should  be  readily  available  and  maintained 
until  the  contract  is  terminated  and  settled. 
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23.  CONTRACT  COST  DATA  REPORTING  (CCDR) 


Defrnhijon 


Contract  Cost  Data  Reporting  replaces  the  series  of  performance  reports 
that  have  been  known  in  the  past  as  Cost  Information  Reports  (CIR),  Cost/Schedule 
Control  Systems  Criteria  (C/SCSC),  etc.,  that  were  required  to  be  periodically 
submitted  by  contractors. 

Purpose 

These  reports  are  used  for  surveillance  and  visibility  of  contractors  progress 
and  to  ensure  that  contract  results  on  cast  and  performance  are  being  obtained. 

In  addition,  OSD  systems  analysis  plans  to  set  up  and  publish  cost  estimating 
relationships  an  ships  once  sufficient  data  is  available  to  achieve  this  goal. 

These  procedures  will  provide  a basis  to  assist: 

. DODmanagers  in  assessing  the  credibility  of  SYSCO M estimates 

on  follow-on  programs 

. Project  Managers  to  evaluate  their  programs  from  a cost  and 

schedule  standpoint 

While  not  evident  in  the  various  directives  and  corrspondence,  the  CCDR's 
may  alsa  be  used  in  the  evaluation  of  shipbuilders'  claims. 
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Principal  Directives 


In  the  1 960's , the  Department  of  Defense  initiated  a Cost  Information 
Report  (CIR)  ond  Cost  and  Economic  Information  Reporting  (CEIR)  system  as  a 
means  of  tracking  the  casts  af  various  weapons  systems.  Initially,  it  was 
limited  to  aircraft,  missile,  and  space  systems.  * 

SECDEF  Directive  7041 .7  af  7 July  1964  directed  that  military  depart- 
ments establish  a Cost  and  Economic  Information  System  (CEIS).  On  9 Octo- 
ber 1964  SECNAV  Instruction  7040.4  established  the  CEIS  within  DON  and 
assigned  responsibilities.  Fallowing  this,  SECNAV  on  4 October  1965  sub- 
mitted a Program  Change  Proposal  ta  SECDEF  requesting  an  extensive  increase 
in  personnel  ceilings  over  FYs  1966  - 1970  far  CEIR  implementation.  In  a 
memorandum  from  the  Assistant  SECDEF  of  28  February  1967  to  the  Army, 

Navy  and  Air  Force,  CIR  procedures  were  extended  ta  include  families  of 
ships,  as  well  as  other  systems,  and  recommendations  were  invited  from  the 
military  departments.  Subsequently,  in  a memorandum  of  March  22,  1967 
the  Comptroller  of  the  Navy  requested  NAVMAT  in  conjunction  with  NAV- 
SHIP  to  undertake  a comprehensive  study  of  CIR  concepts  to  shipbuilding. 

In  its  memorandum  of  December  19,  1967  NAVMAT  advised  the  Comptroller  — 

". . .implementing  CIR  in  shipbuilding  would  not  appear  to  be  a 
cost  effective  approach  when  the  high  cost  and  effect  of  obtaining 
CIR  data  is  weighed  against  any  Improvements  that  might  be  , 
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realized  in  the  current  system  of  shipbuilding  cost  analysis.  If, 
however,  it  is  decided  that  CIR  must  be  applied  to  shipbuilding 
programs,  it  is  recommended  that  the  rate  of  implementation  be 
commensurate  with  resources  available." 

Considerable  correspondence  followed  on  the  difficulty  of  modifying  con- 
tractors' cost  systems  to  develop  cost  information  of  value  to  the  Navy. 

A Cost/SAiedule  Control  System  Criteria  Joint  Implementation  Guide, 
(NAVMAT  P 5240)  dated  31  March  1972  was  issued  to  provide  uniform 
guidance  for  implementation  of  DOD  Instruction  7000.2. 

In  1972,  the  validation  of  the  contractors  cost  accounting  system 
became  an  issue,  which  prompted  NAVSEA  to  establish  a group  (now  SEA 
077)  to  review  the  accounting  of  labor,  material  and  overhead  and  to 
develop  a tracking  system  for  everything  entering  and  leaving  the  ship- 
yard. At  present,  only  Lockheed  and  Bath  have  been  validated,  with 
Electric  Boat  close  to  being  acceptable.  In  the  meanwhile,  CCDRs  are 
being  received  from  all  contractors,  whether  validated  or  not. 

In  a memorandum  of  17  June  1974  to  NAVSHIPS,  Admiral  H.  G. 
Rickover  requested  that  nuclear  shipbuilding  be  exempt  from  the  require- 
ments of  CCDR  since  the  raw  data  presented  in  these  reports  is  frequently 
taken  out  of  context  by  unqualified  persons.  Unlimited  distribution  of  such 
raw  data  would  result  in  NAVSHIPS  personnel  spending  an  increasingly 
greater  amount  of  time  interpreting  this  data  and  answering  questions. 
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In  spite  of  such  letters,  NAVSEA  has  been  directed  to  implement 
CCDR  and  is  doing  so  in  all  future  program  awards.  The  Shipbuilders 
Council  has  established  a committee  to  review  and  make  recommendations 
in  this  area.  To  date,  the  shipbuilders  see  no  need  for  this  report. 

Action  Code  In  NAVSEA 

The  Program  Managers  are  responsible  for  monitoring  the  various 
cost  and  schedule  reports  submitted  by  the  contractors.  SEA  077  is  respon- 
sible to  insure  that  the  contractor  has  a validated  accounting  system  or  is 
trying  to  achieve  it. 

SEA  01 G Responsibilities 

Since  NAVSEA  is  slowly  implementing  a program  that  neither  they 
nor  the  shipbuilders  desire,  there  have  been  many  complaints  about  the 
system  of  reporting  and  what  is  reported.  No  one  overall  code  in  the 
Command  appears  to  coordinate  the  action  of  each  SHAPM  and  varying 
requirements  exist  with  respect  to  the  specific  forms  that  must  be  filled  out. 
In  the  absence  of  one  overall  coordinator,  SEA  01G  has  been  directed  to 
resolve  these  conflicts  on  o case  by  case  basis.  In  this  regard,  SEA  01 G 
considers  these  reports  to  be  of  little  va  lue  since  they  are  received  too 
late  to  allow  any  specific  action  to  be  taken  for  an  on-going  program  and 
also  the  final  returned  costs  are  not  received  until  five  to  seven  years 
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have  elapsed.  At  that  time,  the  type  of  ship  built  may  not  be  programmed 
anymore . 

Identification  Of  Tasks  Assigned  To  SEA  01G 

As  indicated  above,  SEA  01 G is  called  on  to  resolve  the  issues  that 
invariably  occur  when  a contractor  complains  about  the  CCDR  system  or  its 
specific  implemenation  by  the  various  SHAPMs. 

Progress  On  Tasks 

Since  no  one  is  in  charge  of  overall  implementation,  the  total  pro- 
blem is  not  yet  resolved. 

Estimated  Time  Spent  Lost  Two  Years 

Insignificant  effort  is  directed  toward  using  CCDR  information  at 
the  present  time.  SEA  01 G estimates  that  these  reviews  would  require  one- 
half  man-year  of  effort  annually.  Additional  staff  is  not  required  if  SEA 
01 G is  just  to  continue  its  present  role. 

Impact  On  Other  Functions 

This  takes  time  and  effort,  usually  of  the  top  supervisors  in  SEA  01  G. 
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Benefits  To  Navy  Budget  Or  Manpower 


Periodic  information  on  contract  costs  and  schedules  should  assist 
in  evaluating  programs,  however,  this  is  not  always  being  accomplished 
in  a timely  manner. 

Discussion 

The  CCDRs  and  other  similar  cost  and  schedule  reporting  systems  are 
costly  to  provide,  difficult  to  obtain  with  meaningful  information,  and 
are  of  limited  value  to  NAVSEA  in  developing  estimates.  The  shipbuilding 
contractors  vigorously  oppose  the  details  involved  which  often  require  a 
change  in  their  cost  accounting  systems. 

Findings 

The  value  of  requiring  CCDRs  should  be  reevaluated  and  simplified. 
A Command  focal  point  should  be  officially  established.  In  addition, 
it  should  be  determined  what  contract  cost  and  scheduling  information 
may  be  most  useful  to  NAVSEA  and  other  Commands. 
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VIII. 


THE  GFM  COST  ESTIMATING  CAPABILITY 
OF  SEA  06  AND  SEA  04  IS  FRAGMENTED 


In  order  to  evaluate  the  cost  estimating  capability  of  the  Naval  Sea 
Systems  Command  for  Government  Furnished  Material  (GFM),  the  following 
eight  major  systems  were  reviewed  in  the  depth  that  existing  records  and  cer- 
tain offices  would  permit. 

Major  Systems 


5"  54  Cal.  MK  45  LWG 
MK  86  Gun  Fire  Control  System 
AN/S  PS-40  Radar 
AN/S  PS- 55  Radar 
AN/UYK-7  Computer 
AN/SQS-53  Sonar 
PHALANX  (CIWS) 

LM  2500 


SEA  65311 
SEA  65322 
SEA  6524 
SEA  6524 
SEA  044/045 
SEA  661C 
PMS  404 
PMS  399 


1 . THE  CASE  STUDIES  SHOW  AN  ABSENCE  OF  COST  CONTROL  AND 
VERY  LIMITED  IN-HOUSE  COST  ESTIMATING  OR  COST  ANALYSIS 
CAPABILITY 


In  attempting  to  follow  the  historical  track  and  comparison  of  Govern- 
ment Furnished  Material  cost  estimates  for  the  eight  GFM,  the  variety  of 
formats  and  the  absence  of  supporting  documentation  suggest  a very  weak 


management  for  and  lack  of  coordination  of  the  cost  estimating  process  by  the 
Acquisition/Project  Managers  of  SEA  06.  In  part  this  lack  of  management  and 
definition  in  the  cost  estimating  process  may  reflect  the  numerous  reorganizations 
experienced  by  the  various  NAVSEC,  NAVORD,  and  NAVSEA  codes  that  now 
make  up  the  Naval  Sea  Systems  Command,  though  this  should  not  account  for 
its  continued  existance.  With  the  exception  of  the  SEA  06H  code  for  sonar, 
neither  cost  estimates  nor  cost  analyses  are  the  prime  concern  of  the  SEA  06 
Acquisition/Project  Managers.  The  following  is  a summary  of  the  review  of 
the  above  eight  GFM  . 

. The  SEA  06/04  codes  are  not  staffed  with  dedicated  cost 

(jstimate  groups.  There  are  only  two  professional  cost  esti- 
mators in  SEA  06  and  none  in  SEA  04. 

. Cost  data  banks  were  not  to  be  found  in  NAVSEA.  Cost 

dato  can  be  found  throughout  the  various  codes  in  file  cabi- 
nets and  is  included  as  part  of  the  system/equipment  technical 
files.  Complete  files  as  to  initial  cost  estimates  for  an  initial 
technical  baseline  and  the  changes  to  and  rationale  for  are 
not  to  be  found.  Exceptions  are  SEA  06H  where  data  banks  are 
in  the  custody  of  a private  contractor  and  SEA  01  G where  cost 
data  is  received  in  various  formats  but  not  to  the  detail  re- 
quired for  tracking  cost  estimates  or  cost  analysis. 

. It  is  too  soon  to  evaluate  the  effects  of  DOD  Inst.  7000.2  re- 

garding return  cost  information.  Thus  far  the  only  return  cost 
information  to  be  found  was  in  SEA  02  contracts.  An  analysis 
of  a technical  modification  vs.  estimated  costs  as  compared 
with  the  same  technical  modification  with  the  actual  costs 
cannot  be  made. 

. The  source  of  escalation  and  inflation  predictions  varies  as  in 

most  cases  these  factors  are  applied  by  SEA  01. G.  There  are 
some  SEA  06  codes  which  prefer  to  use  inflation  factors  pro- 
vided by  the  manufacturer  while  other  codes  will  use  DOD 
indices. 
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. In  most  cases  cost  estimating  is  done  by  the  SEA  06/04  codes 

updating  the  latest  SEA  02  contracts  by  inflation  factors  and/ 
or  by  contacting  the  manufacturer.  The  exception  is  SEA  06H 
as  they  contract  for  sonar  cost  estimates  which  for  a new  system 
starts  out  parametric  and  becomes  engineering  as  the  system 
develops. 

. Cost  estimates  provided  by  SEA  06H  and  SEA  04  in  most  cases 

were  within  ten  percent  of  the  actual  costs.  However,  most  of 
the  cost  estimate  provided  by  other  SEA  06  codes  did  not  follow 
any  consistent  pattern. 

. PMS  404  did  employ  a private  contractor  to  validate  the  cost 

estimate  for  the  PHALANX  (CIWS)  and  PMS  403  for  the  AEGIS 
System.  Validation  of  cost  estimates  for  other  SEA  06  or  SEA 
04  GFM  has  not  been  done. 

. Cost  estimating  is  usually  done  by  SEA  06/04  updating  contracts. 

This  is  a natural  fall  out  of  the  many  repeat  buys  for  systems/ 
equipment  in  production.  For  the  cost  of  equipment  modifications, 
the  manufacturer  is  usually  contacted. 

. Cost  estimating  by  the  contractor  can  be  by  analogy,  parametric 

or  engineering  methods.  For  SEA  06H  a private  contractor  will 
at  various  times  for  different  systems/equipments  use  all  and/or 
part  of  all  three. 

. The  SEA  06  and  SEA  04  cost  estimates  are  generated  for  new 

development,  budget.  Ship  Project  Directives,  or  contract 
bid  purposes. 

i 

2.  NAVSEA  DOES  NOT  HAVE  THE  CAPABILITY  FOR  IN-HOUSE  COST 
ESTIMATING 


Lack  of  training  and  personnel  therefore  compel  the  SEA  06  Acquisition/ 
Project  Managers  to  lean  heavily  on  past  contract  data  and/or  by  contacting 
the  manufacturer  for  current  information  to  be  used  for  all  of  their  estimates. 

This  system  has  proven  to  be  effective  in  so  far  as  equipment  that  is  in  produc- 
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tion  is  concerned.  However,  when  new  equipment  is  to  be  estimated,  other 
than  Sonar  at  the  present  time,  SEA  06  does  not  have  the  in-house  capability 
to  estimate  a budget  cost  or  to  determine  whether  or  not  the  bids  submitted  by 
competing  manufacturers  are  justified. 

In  the  Design-to-Cost  (DTC),  Design-to- Price  (DTP)  type  of  equipment 
development  it  is  important  that  the  equipment  cost  parameters  satisfy  the  cost 
requirements.  To  establish  DTC/DTP  goals  or  to  determine  whether  contract 
bid  costs  are  excessive,  SEA  06  must  go  outside  the  Command  to  have  a private 
contractor  develop  parametric  costs  estimates.  In  effect  a private  contractor 
is  checking  a private  contractor  (i . e . , manufacturer).  In  other  cases  within 
NAVSEA,  PMS  403  (AEGIS),  PMS  404  (PHALANX  (CIWS)),  for  example,  a 
private  contractor  has  developed  and  maintains  current,  parametric  cost  models 
to  aid  the  NAVSEA  office  to  monitor  the  manufacturer's  costs. 

(I ) Many  Different  Offices  In  NAVSEA  Are  Involved  In  The  Cost 
Estimating  Functions 

Throughout  SEA  06  there  are  presently  24  different  offices, 
listed  on  following  pages,  that  are  procuring  Government  Furnished 
Material  (GFM).  They  establish,  and  initiate  all  subsequent  changes 
to,  the  system/ equipment  technical  baseline(s).  These  offices  are 
responsible  for  SEA  06  GFM  Life  Cycle  Cost  (LCC)  and  for  the  cost 
estimates  that  are  initially  developed  (and  changed  in  accordance 
with  system/equipment  modifications)  and  forwarded  to  SEA  01 G as 
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NAVSEA  06  CODES  PROCURING  GFM 


SEA  652  Surveillance  Systems  Sub  Group 

6522  - Advanced  Systems  Division 

6523-  3-D  Radar  Division 

6524- 2- D Surface  and  Navigation  Radar 


SEA  653  Surface  Gun  Systems  Sub  Group 

SEA  653  G - MK  92  FCS/MK  75  Gun  Mt.  Project  Office 

SEA  6521  - Gun  Division 

SEA  6532  - Gun  Fire  Control  Division 


SEA  654  Surface  Missiles  Systems  Sub  Group 

SEA  6541  - Long  Range  Missile  Systems  Division 

SEA  6542  - Medium  Range  Missile  Systems  Division 

SEA  6543  - Surface  Launched  Missile  and  Launcer  Division 


SEA  06 H Undersea  Warfare  Systems  Sub  Group 

SEA  06H2  - Advance  Systems  and  Integration  Office 
SEA  06H3  - Plans,  Program,  Material  and  Financial 
Management  Office 


SEA  660  Submarine  Systems  Sub  Group 

SEA  660 C - Sonar  Division 

SEA  660D  - Weapons  Systems  and  Control  Division 
SEA  660F  - AN/BQQ-5  Sonar  Division 
SEA  660G  - Trident  Sonar  and  DWS  Division 
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SEA  661  Surface  Systems  Sub  Group 


SEA  661  C - Sonar  Division 

SEA  661  D - Weapons  Systems  and  Control  Division 

SEA  661  E - Acoustic  Warfare  and  Communications  Division 


SEA  662  Torpedo  Sub  Group 

SEA  662C  - Heavy  Torpedo  and  Targets  Divisions 
SEA  662D  - Torpedo  Systems  and  Fleet  Support  Division 
SEA  662E  - Lightweight  Torpedo  Division 


SEA  663  Mine  and  Special  Warfare  Sub  Group 


SEA  663C  - Mine  Special  Warfare  Division 
SEA  663D  - MCM,  Riverine,  and  IVW  Division 
SEA  663E  - PRAM  Acquisition  Office 
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an  Input  for  SCN  budget  estimates  and  to  the  Ship  Logistic  Managers  for 
WPN  appropriations.  In  addition,  these  offices  keep  current  the  tech- 
nical and  cost  data  for  the  Ship  Projective  Directives  (SPD)  and  as 
required,  provide  cost  data  to  SEA  02  to  aid  in  their  selection  of  a suc- 
cessful bidder.  The  many  offices  are  therefore  concerned  in  some  way  in 
the  cost  estimating  process  and  this  fragmentation  of  the  cost  responsi- 
bility, whether  it  be  for  budget  purposes  or  in  the  procurement-contract- 
production  cost  cycle,  has  resulted  in  a hodge-podge  of  non  uniform 
cost  data  recorded  on  memoranda,  cost  breakdown  work  sheets,  letters, 
notes,  etc.  The  lack  of  adequate  documentation  has  made  the  trace- 
ability  and  accountability  of  cost  estimates  a difficult  and  at  times  an 
impossible  task.  Figure  D.20  indicates  the  wide  variety  of  cost  estima- 
ting practices  which  exists  within  the  GFM  organizations. 

(2)  Standardization  Of  Cost  Documentation  Is  Required  By  SEA 
01  G 

The  cost  data  which  has  been  provided  SEA  01  G does  not 
usually  include  the  breakdown  of  costs  on  a line  item  basis.  When 
the  costs  are  documented  per  line  item,  the  categories,  for  the  exact 
same  equipment,  are  not  always  the  same  so  an  evaluation  of  the  cost 
estimating  process  can  only  be  made  of  the  hardware  costs  and  at  times 
some  other  common  support  items.  NAVMAT  Inst.  7000. 19A  01/ 
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MCC  of  30  July  1976  requires  that  the  Acquisition/Project  Managers 
use  the  Cost  Estimate  Documentation  Summary  (NAVMAT  Form  7000.2) 
Figure  D.21  for  their-  cost  estimates.  This  form  will  do  much  to  stand- 
ardize cost  data,  however  it  does  not  break  the  cost  categories  down 
to  the  level  required  to  analyze  costs.  The  cost  categories  however, 
are  broken  down  by  another  Cost  Estimate  Documentation  Summary, 
NAVSEA  7300/4  (4-75),  Figure  D.6,  Chapter  III.  In  order  to  provide 
SEA  01  G,  the  SEASYSCOM  Cost  Estimating/Analysis  Division, 
with  the  required  cost  data  in  a standard  form  it  is  our  recommendation 
that  NAVSEA  form  7300/4  (4-75)  be  made  part  of  NAVMAT  Inst. 

7000. 19A  for  all  GFM. 

Again  with  the  exception  of  SEA  06H,  organized  cost  data 
banks  are  non-existant  within  the  SEA  06  codes.  What  equipment 
files  that  were  reviewed  within  the  SEA  06  organization  revealed 
excellent  technical  data  but  poor  cost  data.  This  is  no  doubt  due  to 
the  lack  of  emphasis  placed  on  cost  estimates  as  discussed  earlier. 
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IHAKAlltKISlICS  Oh  GEM  CODES  STUDIED 


FIGURE  D.20 
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WAVMA.TINST  7000. 15A 
30  July  1976 


FIGURE  D.21 

COST  ESTIMATE  DOCUMENTATION  SUMMARY  ±/ 

KAVMAT  7000/2  (7-76) 
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\J  Indicate  number  of  years  used  for  total  program  life 


IX  THE  PRIMARY  RECIPIENT  OF 
COST  ESTIMATES  IS  THE  SHIP 
ACQUISITION  PROJECT  MANAGER 


In  1974,  the  Navy  instituted  the  Ship  Acquisition  Project  Manager 
(SHAPM)  concept  to  direct  and  coordinate  the  ship  procurement  process.  The 
SHAPMs  operate  from  a matrix  type  organization  where  they  coordinate 
functional  groups  servicing  all  project  managers.  The  estimating  function 
residing  in  SEA  01 G is  one  of  the  functional  organizations  which  serves  these 
project  managers. 

Under  this  arrangement,  the  SHAPMs  are  responsible  for  presenting 
budget  estimates  for  their  own  programs.  The  total  ship  program  end  cost 
estimate  is  prepared  by  SEA  01 G and  concurred  in  by  SHAPM  staff  when  the 
budget  support  papers  and  forms  are  prepared.  The  SHAPM  staff  do  not  con- 
sider ship  cost  estimating  as  a primary  responsibility  even  though  they  do  have, 
in  most  cases,  personnel  with  estimating  experience  gained  through  either  the 
repeated  review  process  or  by  virtue  of  past  experience  — in  some  cases  in 
SEA  01G. 

The  estimate  submitted  to  the  SHAPM  by  SEA  01 G is  usually  developed 
with  the  aid  of  consultation  with  the  SHAPM  on  the  staff  level.  After  agree- 
ment has  been  reached  between  SEA  01 G and  the  SHAPM,  the  Project  Manager 
takes  responsibility  for  the  estimate  as  it  goes  through  subsequent  review  up 
through  the  command. 
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Five  SHAPMs  were  interviewed  regarding  the  adequacy  of  the  budget 
estimate  prepared  by  NAVSEA.  There  are  presently  fourteen  SHAPMs  in  the 
NAVSEA  command.  There  was  a general  consensus  on  the  following  points: 

. The  estimates  prepared  by  SEA  01 G are  satisfactory. 

. The  staff  of  SEA  01 G is  very  thin. 

. The  estimating  process  could  be  improved  by  providing 

SEA  01 G with 

- more  time  in  which  to  prepare  estimates 

- more  qualified  staff 
greater  ship  definition 

. Having  a central  estimating  capability  such  as  SEA  01G  is 

preferred  over  having  separate  estimating  capability  for 
each  PM. 

. The  present  organizational  location  is  satisfactory. 

. The  grade  structure  of  SEA  01 G should  provide  a career 

ladder  as  desirable  as  in  other  competing  organizations  within 
the  Navy. 

The  SHAPMs,  however,  had  divided  opinion  as  to  their  responsibility 
to  provide  SEA  01 G with  technical  or  cost  data  that  are  required  in  order  to 
make  a good  estimate.  Several  SHAPMs  have  assumed  a responsibility  to  pro- 
vide this  data  on  a voluntary  basis,  while  others  said  it  was  available  if  SEA 
01 G asked  for  it,  but  felt  no  obligation  to  furnish  it  otherwise. 
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Even  though  the  SHAPMs  do  not  have  an  organized  estimating  capability 
as  such,  they  spend  from  40-50  percent  of  their  professional  time  on  financial 
management.  During  the  course  of  this  work, the  SHAPMs  come  in  contact  with 
a wealth  of  cost  information. 

One  of  the  most  sensitive  elements  in  the  cost  estimating  equation 
is  the  building  period,  i.e.,  when  it  is  estimated  to  start  and  end.  The 
SHAPM,  supported  by  SEA  075,  makes  this  determination  and  it  is  used  in 
the  SEA  01G  estimate.  Several  factors  enter  into  this  determination.  First 
and  foremost  is  the  urgency  to  get  new  ships  into  the  fleet  as  soon  as  possible. 
This  primary  consideration  is  tempered  by  such  considerations  as  shipyard 
capability,  equipment  lead  time  requirements  and  many  others.  These  estimates 
are  more  inclined  to  be  zero  based  than  predicated  upon  past  program  exper- 
ience . 


The  SHAPM  has  little  effective  control  over  the  cost  of  his  program.  He 
has  some  control  over  changes,  but  he  cannot  control  direction  from  above  re- 
garding use  of  program  funds  for  unbudgeted  and  often  unrelated  expenses. 

He  cannot  control  what  he  has  to  pay  for  GFM,  i.e.,  weapons,  etc.  These 
costs  are  set  by  the  various  GFM  program  managers.  The  SHAPMs  pointed 
out  also  that  they  have  no  control  over  shipyard  costs. 
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COST  ESTIMATING  OUTSIDE  NAVSEA 


In  order  to  place  the  NAVSEA  headquarters  estimating  function  in  per- 
spective with  other  DOD  and  industrial  entities  that  are  tasked  with  similar 
responsibilities  the  estimating  functions  in  the  following  organizations  were 
reviewed. 


Within  the  Navy. 


Naval  Electronics  Command  (NAVELEX) 

Naval  Air  Command  (NAVAIR) 

Naval  Facilities  Command  (NAVFAC) 

Military  Sealift  Command  (MSC) 

Office  of  Chief  of  Naval  Operations 

Systems  Analysis  Division  (OP96D) 

Naval  Ship  Engineering  Center  (NAVSEC) 


In  DOD  outside  Navy. 


Army  Directorate  of  Cost  Analysis 
Army  Material  Development  and 
Readiness  Command 

DOD  Cost  Analysis  Improvement  Group 
Center  For  Naval  Analysis 


(DARCOM) 

(CAIG) 

(CNA) 


Shipbuilding  Industry. 

Newport  News  Shipbuilding  & Dry  Dock  Co, 
National  Steel  Shipbuilding  Co. 

Bethlehem  Steel  Co.  Shipbuilding  Division 
(Sparrows  Point  Baltimore) 


(Newport  News) 
(NASSCO) 

(Beth  Sp.Pt) 
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In  order  to  appreciate  the  wide  range  cost  estimating/ cost  analysis 
responsibilities  and  approaches  see  Figure  D.22  which  is  a matrix  showing 
organization  vs.  their  responsibilities  and  characteristics. 
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COMPARITIVE  ANALYSIS 

NAVSEA  VS.  OTHER  ESTIMATING  ORGANIZATIONS 
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A DIRECT  COMPARISON  OF  THE  CA/CE  (COST  ANALYSIS  AND 

COST  ESTIMATING)  FUNCTION  IN  NAVSEA  WITH  THE  OTHER 
ORGANIZATIONS  IS  HARDLY  POSSIBLE  BECAUSE  OF  THE  DIS- 
SIMILARITIES OF  PRODUCT,  RESPONSIBILITIES  AND  CIRCUM- 
STANCES 


(1)  NAVSEA  Vs.  Army  And  NAVAIR 


NAVSEA  01  G has  a very  broad  range  of  responsibilities  to 
develop  estimates  from  the  conceptual  stage  up  to  contract  award. 

In  the  overall  picture,  these  responsibilities  with  respect  to  investment 
cost  estimating  are  similiar  in  scope  and  program  size  to  NAVAIR  and 
the  Development  And  Readiness  Command  (DARCOM)  of  the  Army. 


In  carrying  out  these  responsibilities,  it  is  found  that  the  Army 
is  dedicating  considerably  more  resources  to  CA^CE  than  either  NAVSEA 
or  NAVAIR  with  approximately  360  people  involved,  while  NAVAIR 
and  NAVSEA  have  60  and  32  respectively. 


The  Army  has  instituted  a cost  analysis  program  base  using  LCC 
techniques  which  is  carried  uniformly  through  all  levels  of  the  service. 
Since  the  initial  LCC  investment  is  a small  part  of  total  procurement 
cost,  a large  number  of  the  360  staff  are  dedicated  to  other  elements 
in  the  LCC  analysis.  NAVSEA  and  NAVAIR,  with  the  fewer  CA/CE 
people,  are  primarily  concerned  with  initial  investment  cost. 


D-281 


The  Army  and  NAVAIR  make  extensive  use  of  manufacturer 
return  cost  data  and  computerized  assistance  for  data  storage  and  re- 
ferral as  well  as  for  parametric  estimating. 

The  type  of  CA/CE  staff  of  these  three  organizations  are  generally 
comparable  in  education  and  experience.  The  average  staff  member  is 
young,  has  a college  education  and  most  of  his  experience  has  been 
with  the  Government.  In  general  it  was  found  that  people  with  engineer- 
ing background  were  in  the  minority  in  NAVAIR  and  Army  but  slightly 
in  the  majority  in  NAVSEA.  The  pay  level  of  these  organizations  is 
about  the  same. 

With  respect  to  estimating  methodology,  some  differences  are 

found. 

. Army  - Extensive  use  of  computer  models  for  Baseline 

Cost  Estimate  (BCE)  and  Independent  Parametric  Cost 
Estimate  (IPCE)  to  check  engineering  estimates  for  Life 
Cycle  Costs  (LCC). 

. Extensive  use  of  manufacturers  and  contractor  detailed 

engineering  estimates  which  are  validated  by  Army 
estimators  for  budget  estimates  (Example,  XM1  Tank). 

. Army  cost  estimators  maintain  very  close  contact  with 

counterparts  in  industry. 

. NAVAIR  - Extensive  use  of  computer  aided  estimating 

with  return  cost  data  bank. 

. NAVSEA  - Manual  parametric  estimating 

. Informal  and  dispersed  data  bank  based  primarily  on 

nine  cost  group  bid  data. 
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If  any  general  conclusion  can  be  drawn  from  this  comparison 
it  is  that  the  Army  and  NAVAIR  have  made  greater  use  of  return  costs 
and  computer  assitance  in  data  processing  and  parametric  estimating. 

(2)  NAVSEA  Vs.  NAVELEX 

NAVELEX  has  a relatively  small  annual  budget  compared  to 
NAVSEA  and  correspondingly  fewer  and  less  experienced  estimators. 
NAVELEX  estimating  staff  spends  a large  part  of  its  time  in  the  manu- 
facturers plant  validating  proposals,  somewhat  like  the  Army.  In  con- 
trast, NAVSEA  estimators  are  relatively  isolated  from  personal  con- 
tact with  industry. 

NAVELEX  is  conducting  Design  To  Price  (DTP)  procurement 
for  ECM  System  which  is  stated  to  be  proving  quite  successful.  This 
could  be  contrasted  to  the  less  successful  FFG  Design  To  Cost  (DTC) 
effort. 

This  SYSCOM  has  a computerized  data  bank  containing  a 
complete  record  of  past  and  current  acquisition  costs.  The  budget 
estimating  process  is  usually  relatively  simple  compared  to  NAVSEA 
since  90  percent  of  dollar  value  budgeting  is  for  equipment  that  is 
now  on  order  for  previous  programs. 
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In  comparing  NAVELEX  to  NAVSEA,  several  points  stand  out; 
the  computerized  data  bank  and  wide  personal  contact  with  industry, 
which  NAV5EA  lacks. 

(3)  NAVSEA  Vs.  NAVFAC 

A comparison  of  NAVSEA  with  NAVFAC  is  difficult  because 
of  the  great  difference  in  sophistication  of  their  products.  However, 
with  respect  to  estimating  procedure  and  approach,  some  meaningful 
observations  can  be  made. 

The  first  is  with  respect  to  product  definition  where  NAVFAC 
develops  its  budget  estimates  only  after  30  percent  of  the  detailed 
design  has  been  completed.  These  are  engineering  estimates  in  con- 
siderable detail  as  compared  to  the  nine  cost  group  estimates  customarily 
prepared  by  NAVSEA.  Second,  the  estimating  staff  is  of  grade  GS  11  - 
12  level,  generally  with  high  school  education  but  usually  with  exten- 
sive experience  in  the  commercial  construction  business. 

NAVFAC  headquarters  develops  estimating  guidance  but  does 
not  do  any  estimating,  of  which  75  percent  is  done  by  architectual  and 
engineering  firms  and  25  percent  done  by  the  NAVFAC  field  offices. 

In  contrast,  NAVSEA  headquarters  does  both  of  these  functions. 
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(4)  NAVSEA  (Headquarters)  Vs.  NAVSEC 


NAVSEC  had  developed  a good  start  in  an  estimating  techni- 
que using  a computer  calculated  parametric  ship  estimating  model. 
Further  development  of  this  program  to  accommodate  updated  return 
cost  and  bid  data  in  greater  detail  would  provide  a excellent  basis 
for  a rapid  response  estimating  capability.  NAVSEA  01 G does  not 
use  this  capability  at  present. 

(5)  NAVSEA  Vs.  OP96  & CAIG 

OP96  and  CAIG  have  a very  limited  capability  to  do  ship  cost 
estimating  due  to  the  small  staff,  product  identification  and  data  banks. 
There  is  very  little  in  capability  or  technique  thats  these  two  validat- 
ing organization  have  that  would  be  of  any  appreciable  help  to  NAV- 
SEA. 

(6)  NAVSEA  Vs.  Military  Sea  Command  (MS C) 

MSC  does  estimating  on  an  ad  hoc  basis  on  several  projects 
each  year.  Its  capability  is  generally  limited  to  making  estimates 
based  on  informal  industry  contacts  that  may  be  useful  for  commerical 
type  construction.  Their  estimates  are  usually  based  on  self  generated 
conceptual  designs  which  often  provide  a more  solid  foundation  than 
many  estimates  made  in  NAVSEA. 
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(7)  NAVSEA  Vs.  Shipyards 


The  shipyards  have  an  entirely  different  estimating  problem 
than  NAVSEA.  The  shipyards  must  make  accurate  estimates  as  to  how 
much  it  will  cost  them  to  build  a ship.  This  price  is  normally  valid  for 
90  days  and  usually  20,000  to  30,000  man-hours  is  devoted  in  develop- 
ing a good  estimate  for  a naval  ship.  It  must  be  accurate  within  5 
percent  in  order  not  to  destroy  the  profit  margin.  In  contrast,  NAV- 
SEA is  expected  in  the  eyes  of  Congress  to  do  at  least  as  well,  two  to 
two  and  one- ha  If  years  before  award,  with  40  to  80  man-hours  of 
effort,  often  with  only  a conceptual  design  for  guidance. 

The  lesson  that  can  be  drawn  from  reviewing  shipyard  estimating 
techniques,  that  are  not  affected  by  the  contrasting  requirements  is 
that  the  shipbuilding  industry  believes  accurate  estimates  must  be 
based  on: 

. Return  cost  data 

. Good  product  definition 

. Engineering  detail 

. Vendor  quotes 

. Limited  price  exposure  (making  offer  good  for  limited  time) 

. Use  estimators  having  shipyard  experience 

NAVSEA  does  not  follow  this  procedure,  partly  because  the 
system  under  which  it  operates  does  not  permit  it  and  partly  because 
shipyard  estimating  techniques  are  not  necessarily  recognized  as  being 
essentials  to  quality  budget  estimating. 
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NAVSEA  could  benefit  from  shipyard  experience  by: 


. Using  return  cost  data 

. Estimating  in  more  detail 

. Use  vendor  quotes  (if  time  permits) 

. Improve  product  definition 

. Using  more  estimators  with  shipyard  experience 

The  comparision  of  the  estimating  responsibilities  between 
NAVSEA  and  the  shipyards  is  one  that  is  convenient  to  make  but  easy 
to  misunderstand. 

The  estimating  assignment  given  the  Navy  estimators  is  much 
more  complex  than  given  a shipyard  estimator.  The  small  estimating 
staff  in  Navy  is  now  formulating  yearly  budgets  of  six  to  eight  billion 
dollars  for  five  advance  years  at  a time;  whereas  any  single  shipyard's 
estimating  staff  rarely  does  over  500  million  dollars  in  estimates  for  one 
year,  with  a larger  staff. 

The  shipyard  estimating  staff  are  usually  limited  in  the  types  of 
ships  they  are  required  to  consider  because  of  shipyard  building  limita- 
tions. On  the  other  hand  the  Navy  must  estimate  all  types  of  complex 
ships  and  weapons.  The  Navy  estimators  are  engaged  in  all  types  of 
estimates  from  conceptual  to  contract  and  numerous  other  cost  related 
activities.  The  shipyard  estimators  on  the  other  hand  spend  90  percent 
of  their  time  on  bid  or  proposal  estimates. 
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Probably  the  greatest  contrast  between  the  shipbuilder  and  the 
Navy  is  the  degree  of  engineering  data  available  upon  which  to  base 
an  estimate.  The  shipyard  has  contract  plans  and  specs  and  90  days 
to  do  the  estimate.  The  Navy  has,  for  a budget  estimate,  at  best  a 
preliminary  design  and  usually  only  a few  weeks  estimating  time. 

(8)  NAVSEA  Vs.  Center  For  Naval  Analysis  (CNA) 

The  CNA  ship  cost  analysis  function  is  now  a one  and  one-half 
man  operation  which  does  three  of  four  studies  each  year  for  CNO. 

The  significant  feature  of  the  CNA  operation  is  the  use  of  a parametric 
computer  model  using  a 60  element  breakdown  compared  to  the  NAV- 
SEA and  NAVSEC  practice  of  using  nine  cost  groups. 

(9)  NAVSEA  01 G Vs.  NAVSEA  06 

SEA  06  Weapon  Systems  and  Engineering  Directorate  has  little, 
if  any,  significant  estimating  capability  as  evidenced  by  the  fact  that 
only  two  staff  members  are  regarded  as  full  time  estimators,  with  39 
others  involved  in  cost  matters  from  time  to  time.  Cost  information  is 
primarily  obtained  directly  from  manufacturers  or  consultants  and  in- 
volves little  original  estimating.  Its  data  bank  and  cost  records  are 
very  fragmented,  except  in  the  case  of  sonar. 

NAVSEA  01G  relies  heavily  SEA  06  for  budget  estimates  which 
are  considered  by  IMA  to  involve  a high  degree  of  uncertainty. 
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(10)  NAVSEA  01 G Vs.  NAVSEA  04 


% 


NAVSEA  04  Fleet  Support  Directorate  provides  estimates  to 
SEAOlGon  GFM  identified  as  Hull,  Mechanical,  and  Electrical  (HME). 
These  components  include  such  items  as  UYK-7,  compressors,  gyro 
compasses,  pumps,  navigational  equipment,  etc.  These  are  usually 
repeat  purchases  so  estimating  future  costs  are  simplified.  Prices  are 
usually  obtained  from  the  manufacturers.  NAVSEA  01 G also  relies 
heavily  on  budget  estimates  from  SEA  04  which  are  also,  as  in  the  case 
of  estimates  from  SEA  06,  considered  to  involve  substantial  risk. 

(11)  The  Comparative  Analysis  Of  Estimating  Practices  Outside 
Of  NAVSEA  With  SEA  01 G 


The  review  of  the  estimating  functions  outside  of  NAVSEA 
provides  a basis  for  these  conclusions. 

. Within  the  Navy,  NAVSEA  01 G is  considered  to  have 

greater  overal I original  cost  estimating  capability  than 

SEA  06 

SEA  04 

NAVELEX 

NAVSEC 

MSC 

OP96 

. NAVAIR  and  NAVFAC  are  considered  to  be  somewhat 

superior  to  NAVSEA  in  overall  capability  to  do  their 
assigned  basic  estimating  tasks. 
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The  Army  (DARCOM),  in  the  case  of  the  XM1  Tank 
project,  appears  to  have  superior  CA/CE  capability 
over  NAVSEA. 

The  shipyards  are  much  superior  to  SEA  01 G in  capability 
to  prepare  engineering  estimates. 

NAVAIR,  NAVSEC,  Army,  CAIG,  CNA,  NAVELEX 
and  the  shipbuilding  industry  make  greater  use  of  the 
computer  for  data  storage  and  estimating  than  SEA  01 G. 

NAVAIR,  Army,  and  the  shipbuilding  industry  make 
extensive  use  of  return  costs  as  a basis  for  estimating 
while  SEA  01 G relies  primarily  on  bid  data. 

NAVSEA  has  the  smallest  CA/CE  staff  relative  to  the 
dollar  volume  of  estimates  and  collateral  duties  than 
any  of  the  other  organizations  that  prepare  budget  esti- 
mates. 

The  NAVSEA  01 G estimating  staff  is  at  the  GS  12  aver- 
age level  which  is  less  than  NAVAIR,  Army,  NAVSEC, 
CAIG,  OP96,  SEA  06,  SEA  04  and  MSC.  It  is  about 
the  same  as  NAVEAC  but  greater  than  the  shipyards. 

NAVSEA  01 G is  the  only  CA/CE  organization  that  has 
a comprehensive  training  program. 


NAVSEA  01 G appears  to  be  the  only  Government  office, 
except  NAVAIR,  that  does  not  depend  heavily  upon 
industry  estimates  as  the  primary  source. 

All  the  DOD  offices  reviewed  rely  heavily  on  parametric 
estimating.  The  Army  and  NAVFAC  also  rely  heavily 
on  engineering  estimates  prepared  by  private  industry. 

NAVSEA  01 G data  bank  seem  to  lie  midway  among  the 
organization  reviewed.  Those  considered  to  have 
superior  data  banks  are: 

Shipyards 

NAVELEX 

NAVAIR 

Army 


I 
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Those  who  have  less  are: 


% 


OP96 

CAIG 

CNA 

MSC 

SEA  06 

NAVSEC 

NAVSEA  01 G is  required  each  year  to  estimate  more 
new  products  in  dollar  value  each  year  than  any  other 
SYSCOM. 


2.  IN  1975,  NAVELEX  ESTABLISHED  GREATLY  EXPANDED  COST 
ESTIMATING  AND  COST  ANALYSIS  PROGRAMS 


NAVELEX  is  the  Navy  SYSCOM  that  has  cognizance  over  a wide 
range  of  electronic  systems,  from  radar  to  electronic  counter  measures  . 
NAVELEX  has  a major  input  into  SCN  budgets  for  shipboard  electronics 
and  for  FY  1977,  the  value  of  equipment  procured  over  which  NAVELEX 
has  cognizance  is  about  $100,000,000. 

(1)  The  Cost  Analysiy'Estimating  Program  Establishes  One  Focal 
Point  For  This  Function  Within  The  Command 


Within  NAVELEX,  Code  504B  has  been  designated  as  the 
single  cost  analysis  and  estimating  focal  point.  It  is  identified  as  the 
Cost  Analysis/Estimating  Group  (CA/EG)  and  is  responsible  for  all 
cost  analysis  and  estimating  policy  and  guidance.  The  C^/EG  prepares 
and  reviews  cost  estimates  which  are  the  basis  for  Command  planning, 
programming,  budgeting,  and  acquisition  in  research  development. 
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and  production  of  equipments/systems.  The  CA/EG  also  performs  tech- 
nical cost  analysis  to  evaluate  proposals  for  accuracy  and  complete- 
ness and  implements  Command  responsibilities  in  the  special  initiatives 
of  Cost/Schedule  Control  Systems  Criteria,  Design  To  Cost,  Life  Cycle 
Cost,  Economic  Analysis/ Prog  ram  Evaluation,  and  training  for  cost 
analysis  and  estimating. 

Figure  D-23  shows  the  location  of  NAVELEX  504B  in  relation 
to  Commander  NAVELEX  and  the  Project  Manager. 

(2)  The  Policy  For  Estimate  Formulation  Review  Covers  Many  Cost 

Related  Functions 


The  policy  and  responsibilities  for  all  cost  analysis  and  estima- 
ting functions  performed  by  the  Command  includes  the  following  initia- 
tives: 


Cost  estimates  for  PO/v/budget  and  DCP/DSARC  sub- 
missions, Life  Cycle  Cost  (LCC),  Design-to-Cost  (DTC), 
Foreign  Military  Sales  (FMS),  Advance  Procurement 
Plans  (APP),  and  Ship  Project  Directives  (SPD). 

Cost  analysis  of  direction  costs  presented  In  contractors' 
proposals  to  establish  a fair  and  reasonable  basis  for 
contract  negotiation. 

Implementation  of  Command  responsibility  for  assuring 
Cost/Schedule  Control  Systems  Criteria  (C/SCSC)  com- 
pliance in  designated  programs. 

Development  and  administration  of  training  programs 
in  cost  analysis  and  estimating. 
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. Implementation  of  DTC  and  LCC  goals  in  designated 

programs. 

. Preparation  of  economic  analysis  and  program  evalua- 

tions to  support  selection  of  cost  effective  alternatives. 

(3)  The  Policy  Sets  Forth  In  A Logical  Manner  The  Organizational 
Responsibilities  With  Respect  To  Each  Of  The  Cost  Related 
Functions 


The  Cost  Analysis/Estimating  Group  is  responsible  for  all  cost 
analysis  and  estimating  policy  guidance.  For  those  programs  which  are 
managed  by  a designated  Project/Acquisition  Manager  (PM/ AM),  the 
PM/AM  shall  have  the  ultimate  responsibility  for  his  program  estimates. 
These  estimates  shall,  however,  be  reviewed  by  the  CA/EG,  and  any 
differences  between  the  CA/EG  and  the  PM/AM  shall  be  resolved 
prior  to  release  to  higher  authority.  The  principle  policy  statements 
are: 

. Cost  Estimating  — all  cost  estimates  shall  be  documented 

by  the  originator,  reviewed  and  certified  by  the  CA/EG 
and  authenticated  at  appropriate  levels  prior  to  release. 
Official  Navy  estimates,  which  include  PO/v/budget 
and  DCP/DSARC  submissions,  are  reviewed  and  certi- 
fied by  CA/EG  and  submitted  for  authentication  to 
COMNAVELEX  or  his  designated  Deputy  Commander. 

. Cost  Analysis  — analysis  of  contractor  proposed  direct 

costs  shall  be  provided  in  selected  programs  to  support 
negotiations  and  contract  awards  at  fair  and  reasonable 
prices.  The  CA/EG  shall  develop,  implement,  and 
maintain  a high  degree  of  capability  for  conducting  the 
fact-finding  and  the  analysis  required. 


D-294 


Design-to-Cost  (DTC)/Life  Cycle  Cost  (LCC)  — the 
Design -to- Cost  concept  establishes  cost  as  a design 
parameter  during  a system's  design  and  development 
phase.  Cost  requirements  and  the  achievement  of  per- 
formance goals.  DTC  goals  shall  be  established  before 
program  initiation  (DSARC  Milestone  I for  major  pro- 
grams) or  at  the  earliest  practical  data  thereafter,  but 
in  no  case  later  than  entry  into  full-scale  development 
(DSARC  Milestone  II).  The  initial  DTC  goal  shall  be 
established  as  an  average  unit  production  cost  related 
to  a useable  end-item  of  military  hardware. 

Cost/Schedule  Control  Systems  Criteria  (C/SCSC)  — 
all  acquisitions  for  major  systems/equipments  shall 
include  contract  requirements  for  implementation, 
demonstration,  and  application  of  management  control 
systems.  Accpetance  of  contractor's  management  con- 
trol systems  will  be  based  on  satisfactory  demonstration 
of  compliance  with  C/SCSC.  Review  teams  established 
to  evaluate  contractor  compliance  with  C/SCSC  will 
be  staffed  principally  from  the  CA/EG,  the  PM's  office, 
and  the  cognizant  DCAA  office. 

Economic  Analysis  and  Program  Evaluation  — a syste- 
matic approach  to  the  problem  of  choosing  how  to  em- 
ploy scarce  resources  by  assessing  the  benefits  and  costs 
associated  with  various  alternatives.  Economic  analysis 
is  this  approach  when  used  to  identify  the  best  new/pro- 
jects from  a group  of  alternatives.  Program  evaluation 
involves  trade-off  studies  for  approved  program^/ pro- 
jects to  insure  that  established  goals  and  objectives 
are  being  attained  in  the  most  cost-effective  manner. 

Training  — regular  training  courses  in  cost  estimating 
and  analysis  shall  be  scheduled  and  managed  by  the 
CA/EG  to  acquaint  and  inform  NAVELEX,  Navy  and 
DOD  personnel  in  cost  estimating  and  analysis  theory. 


(4)  Interview  With  NAVELEX  504B,  The  CA/EG  Showed,  In  General, 
How  The  Policy  Is  Now  Being  Implemented 

The  Head  of  NAVELEX  504B  stated  that  he  was  implementing  the 
policy  previously  described.  In  order  to  implement  the  policy  more 
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effectively,  this  group  has  recently  completed  the  first  phase  of  a com- 
puterized data  bank  which  lists  all  NAVELEX  contracts  from  1969  to 
present.  The  volume  shown  contained  complete  contract  information. 
The  present  data  bank  can  be  used  for  analogous  type  cost  estimating 
and  information  can  be  entered  and  extracted  by  contract  number.  The 
next  phase  was  completed  in  September  1977.  The  data  bank  informa- 
tion now  can  be  extracted  by  electronic  nomenclature  (AN/)  and 
contract  number.  So  that  the  computer  (data  bank)  can  aid  the  cost 
analyst  in  cost  estimating,  data  in  the  computer  will  give  — 

. what  is  new  in  configuration 

. what  are  non-recurring  costs 

. inflation  factors 

. labor  and  material  split 

The  next  phase  (completion  date  not  known)  will  be  in  a format 
that  cost  trends  that  can  be  tracked  by  regression  analysis. 

There  are  seven  people  in  the  NAVELEX  504B  office,  only  the 
Section  Head  having  had  Government  cost  estimating  experience.  The 
other  six  have  had  previous  cost  estimating  experience  in  private  in- 
dustry. The  NAVELEX  501A  personnel  conduct  70  percent  of  their 
business  outside  NAVELEX.  It  was  stated  that  three  people  are  on  the 
road  at  all  times  keeping  abreast  of  the  various  NAVELEX  contractors, 
performing  on  site  cost  analysis  as  requested  for  OPNAV,  NAVMAT, 
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and  NAVAIR.  The  NAVELEX  staff  has  been  in  existance  only  two  years, 
are  very  young  (GS  9-12)  and  most  have  had  only  one  to  one  and  one- 
half  years  allied  experience  in  the  industry.  The  Section  Head  was  a 
member  of  the  group  that  performed  for  NAVSEA  an  on-site  cost  analysis 
for  the  AN/SPS-49  Radar.  He  stated  that  in  his  opinion  parametric 
estimates  which  are  only  accurate  to  + 20  percent  are  a waste  of  time 
since  engineering  estimates  with  parametric  comparisons  are  the  best 
way  to  do  costing.  This  can  be  done  since  NAVELEX  equipments  are 
always  developed  from  previous  designs  with  no  more  than  10  percent 
new  features. 

NAVELEX  504 B has  a unique  relation  to  NAVELEX  02  (contract) 
with  respect  to  the  contract  negotiation  process.  The  Head  of  504B 
participates  in  the  contract  negotiations  but  it  is  not  clear  if  this  is  a 
prescribed  responsibility  or  evolves  from  his  personal  relationship  with 
contract  negotiators.  In  preparation  for  negotiations,  they  prepare  a 
detailed  estimate.  They  were  also  instrumental  in  providing  the  NAV- 
ELEX contract  negotiators  with  a 30  percent  "cost  realism  factor"  (margin). 

The  interview  brought  to  light  several  interesting  observations. 

. NAVELEX  504 B is  of  the  opinion  that  SEA  01 G operates 

in  a vacuum  so  far  as  having  close  contact  with  the 
product  manufacturer.  NAVELEX  504B  maintains 
very  close  contacts  with  manufacturers  at  top  manage- 
ment level . 
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Estimates  are  very  sensitive  to  who  the  manufacturer  will 
be  and  when  the  product  will  be  manufactured. 

The  budget  estimate  given  by  NAVELEX  504B  to  SEA  01 G 
is  based  upon  previous  purchases  of  similar  equipment, 
adjusted  as  they  consider  appropriate  for  the  required 
time  frame  and  number  of  units.  NAVELEX  will  give 
SEA  01 G estimates  that  include  margins  NAVELEX  con- 
siders appropriate.  (The  details  of  these  adjustments 
are  not  provided  to  SEA  01 G.) 

Congress  is  one  of  the  biggest  problems  due  to  program 
change,  i.e.,  numbers  of  ships. 


In  summary,  the  major  portion  of  time  spent  by  NAVELEX  504B 
is  in  assistance  to  the  contracting  officer  in  placing  new  orders.  It  is 
in  this  respect  that  they  visit  manufacturers,  examine  his  estimates  in 
detail  and  do  some  estimating  themselves.  The  budget  preparation  is 
of  secondary  importance  and  they  make  extensive  use  of  previous  con- 
tract data  to  check  estimates  prepared  by  the  PMEs.  The  discussion  did 
not  indicate  that  much  was  being  done  in  the  areas  of  LCC,  Q/SCSC, 
DTC  and  economic  analysis. 


(5)  NAVELEX  501A  Is  The  Contact  Point  For  Other  SYSCOMS 
For  POA^Budget  Estimates  Subject  To  CA/EG  Review 

NAVELEX  501  A,  Technical  Director  to  the  Ship  Programs  and 
Systems  Integration  Division,  has  cognizance  over  a number  of  equip- 
ments such  as: 
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Radio  Transmitters 

AN/WRT-1A,  AN/VRT-23  (V) 

Power  Supplies 

PP- 3916/UR,  PP-2953/U 

Antenna 

AS-177B/UPX 

Radio  Transceiver 

AN/URC-8QVC,  AN/SRC- 20A 

Radio  Receivers 

AN/SRR  19,  AN/WRR-3B 

Switching  Unit 

SA- 171 2/UR 

Interconnection  Baxes 

J- 29 10/UR 

Transponder  Sets 

AN/UPX-26 

ECM  Receiving  Systems 

AN/WLR-8 

Magnetic  Amplifiers 

AM- 101 7/SLR 

Omega  Receivers 

AN/SRN-1 2 

Tacan 

AN/SRN-(  ) 

IFF  Controls 

C-6280/APX 

UHF  Channel  Selector 

C- 3868/SRC 

Frequency  Standards 

Cesium  Beam 

RF  Amplifiers 

AM-21 23A 

Multicoupler 

AN/S  RA-  33 

The  Section  Head  stated  that  there  was  no  NAVELEX  instruction 

that  specifically  covers  his  group.  He  said  his  group  did  not  follow  any 
definite  cast  esti  mating  procedures  and  that  the  staff  daes  nat  consider 
themselves  to  be  professional  estimators,  but  this  has  been  ane  of  their 
important  functions  for  about  15  years.  It  was  clearly  acknowledged 


% 


% 
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that  NAVELEX  504B  functions  as  the  Command  focal  point  and  source 
of  policy  and  procedures  for  cost  estimates. 

NAVELEX  501  A,  in  most  cases,  costs  are  estimated  for  devel- 
oped equipments  from  previous  procurements.  This  Code  has  the  Fleet 
Modernization  Program  and  the  Program  Objective  Memorandum 
(POM)  Program.  The  group  is  the  NAVELEX  point  of  contact  for 
other  SYSCOMS,  such  as  SEA  01 G for  the  POM  program,  and  pro- 
vides what  it  considers  to  be  budget  quality  class  "C"  estimates.  It 
was  noted  that  NAVELEX  has  the  typical  SCN  funding  problem  — 
for  example,  it  estimates  costs  in  1977  for  the  equipment  purchased 
in  1979;  with  delivery  in  1981  or  1982. 

For  the  POM  programs,  NAVELEX  receives  information  from 
SEA  01  as  to  ships'  requirements  and  the  characteristics  required  by  CNO. 
Normally,  NAVSEC  6179  prepares  the  appropriate  electronics  list  and 
forwards  it  to  NAVELEX  501A.  The  cognizant  systems/equipment  engi- 
neers review  the  requirements  and  will  make  changes  if  the  equipments 
listed  have  been  replaced  by  newer  designs.  NAVELEX  501 A will 
consider  inflation  factors,  quantity,  type  of  contract,  and  forward  the 
POM  cost  estimates  to  SEA  01 G via  NAVELEX  504B  for  certification. 

This  Code  does  not  contact  manufacturers  during  the  course  of  estimate 
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preparation.  If  this  is  done,  it  is  by  NAVELEX  504B.  SCN  and  FMP 
equipments  are  purchased  on  the  same  contract  in  order  to  receive 
better  prices.  NAVSEC  has  not  prepared  electronics  lists  for  the  last 
two  years  (FY  78  and  79),  so  NAVELEX  5103  may  prepare  the  Command 
requirements  for  future  POM  programs.  NAVELEX  has  approximately 
80  percent  of  the  equipments  listed  so  this  will  be  a significant 
estimating  effort  for  NAVELEX. 

The  NAVELEX  501A's  data  bank  is  the  contract  files  which 
go  back  quite  a few  years.  It  was  stated  that  certification  requirements 
by  CNO  and  NAVMAT,and  software  have  been  large  cost  drivers.  An- 
other cost  driver  is  the  reduction  in  total  number  of  ships.  If  less  equip- 
ment is  required  which  reduces  size  of  the  orders  the  expected  savings 
are  lost. 

(6)  NAVELEX  PME  107,  Rewson  System  Project,  Was  Selected  For 

Review  To  Determine  Just  Where  Equipment  Estimates  Originate 

From  the  previous  interview  it  became  apparent  that  cost  esti- 
mates were  coming  out  of  project  offices,  principally  from  engineers 
who  are  dealing  with  contractors  and  manufacturers  on  a day-to-day 
basis. 


PME  107,  Rewson  System  Project,  prepares  estimates  for  a number 
of  equipments  which  are  considered  typical  with  respect  to  cost  estima- 
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ting  procedures.  PME  107F  is  responsible  for  Electronic  Counter  Measure 
Systems  (EMC).  PME  107F13  is  the  budget  office  within  the  PME  and 
is  responsible  for  the  SCN  cost  estimates  which  NAVELEX  furnishes 
SEA  01  G for  the  POM  Budget  process.  They  receive  guidance  from 
NAVSEA  012  as  to  ships  in  the  forthcoming  Five  Year  Defense  Plan 
and  the  single  sheet  characteristics  for  applicable  equipments.  PME 
107F1  3 will  distribute  the  ship  ECM  equipment  requirements  to  the 
cognizant  engineers  within  PME  107.  Most  of  the  equipments  are  repeat 
buys. 

Cost  estimates  are  not  provided  with  cost  classifications.  Con- 
tracts are  mostly  sole  source  in  order  to  keep  the  number  of  constractors 
making  sensitive  electronic  counter  measures  small  as  a matter  of  security. 
Contracts  include  hardware,  spare  parts,  and  engineering  services.  PME 
has  same  problems  as  other  NAVSYSCOM  estimators.  For  example, 
cost  estimates  are  put  together  in  FY  77,  funds  are  received  in  FY  79, 
and  equipments  are  not  delivered  until  FY  81  or  82. 

The  PME  107F  group  is  staffed  as  follows: 


Grade 

Estimating  Years  Experience 

Section  Head 

GS  14 

14  years  electronics;  3 years 
budget  analyst 

Budget  Analyst 

GS  12 

Budget  Analyst 

GS  12 

Financial  Manager 

GS  13 

Budget  Analyst 

GS  12 

PME  107F  is  responsible  for  SCN,  OM&N,  and  RDT&E  cost  estimates. 

It  does  not  perform  cost  estimating,  but  rather  the  engineers  who  are  in 
change  of  individual  equipments  actually  provide  the  cost  estimates. 

The  cost  estimates  are  based  on  previous  contracts  or  equipment 
vendor  quotes.  In  some  cases,  VITRO  Corp.,  a private  contractor, 
will  provide  cost  estimates.  These  cost  estimates  are  forwarded  to  PM 
107F1 3 where  appropriate  inflation  factors  are  added  based  on  the  DOD 
inflation  indices.  Past  Ship  Project  Directives  are  the  only  data  base 
(bank)  in  PME  107F. 

The  PME  107F1 3 estimates  are  reviewed  by  PME  107F  and  then 
forwarded  to  NAVELEX  501 A for  inclusion  in  the  NAVELEX  POM  cost 
estimate  package  which  is  forwarded  to  SEA  01 G.  There  is  no  indepen- 
dent cost  estimate  performed  by  other  NAVELEX  groups  nor  is  certification 
usually  given  by  NAVELEX  504B. 

The  major  GFM  cost  growth  factor  is  caused  by  the  many  engineer- 
ing changes  to  the  original  equipment  between  the  time  a budget  esti- 
mate is  made  and  the  time  equipment  is  procured.  It  was  stated 
that  there  has  also  been  growth  (overruns)  in  the  engineering  services, 
program  support,  and  peripheral  equipment  due  to  increased  labor  rates. 
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(7)  NAVELEX  PME  107-1  For  The  AN/WLR-8  Has  A Contractor 
Prepare  Cost  Estimates 


NAVELEX  PME  107-1  is  the  Project  Engineer  for  the  AN/WLR-8 
a submarine  electronic  counter  measures  system.  This  is  a one-man  office 
which  relies  heavily  on  contractor  support.  Systems  Consultants,  Inc. 
(SCI)  works  closely  with  PME  107-1  with  added  support  from  the  home 
office.  SCI  does  engineering  type  of  work  for  PME  107-1,  but  they  do 
assist  in  the  PME  107-1  cost  estimating  for  major  changes  to  the  AN/ 
WLR-8.  In  addition,  they  provide  required  assistance  for  Integrated 
Logistic  Support  (ILS)  and  documentation.  SCI  is  made  up  mostly  of 
engineers  but  has  many  logistic  types. 

For  procurement  cycle,  PME  107-1  maintains  close  liaison  with 
PMS  393  (SSN  688)  and  PMS  396  (Trident)  for  Ship  Project  Directives 
(SPDs)  and  provides  the  dollar  amounts  that  PMS  107  will  require  to 
purchase  the  AN/WLR-8.  PMS  396  and  PMS  393  have  standard  check 
lists  when  pricing  out  equipments  for  their  ships  and  have  also  provided 
PME  107-1  with  inflation  factors. 

The  first  contract  for  the  AN/WLR-8  was  a cost  plus  fixed  fee, 
awarded  in  January  1971,  so  a substantial  cost  history  is  available  to 
help  in  the  cost  estimating  process  for  the  POM  SCN  budget.  PME 
107-1  also  receives  help  from  NAVELEX  504B  to  perform  price  analysis 
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at  the  manufacturer's  plant  and  can  also  call  on  the  Defense  Contract 
Audit  Agency  (DCAA)  for  audits.  It  was  stated  that  the  local  Defense 
Contract  Administration  Services  (DCAS)  can  also  be  called  on  to  audit 
the  contractor's  performance. 


For  this  Code,  cost  estimating  is  relatively  simple, being  concern- 
ed with  a standard  piece  of  equipment  with  six  years  procurement  history. 


(8)  NAVELEX  PME  107-3  Is  A Design-To- Price  Project  Office  For 
The  "Anti-Ship  Missile  Defense  Electronic  Warfare  System 

Project" 


This  project  is  for  a new  system  which  is  composed  of  many 
"state  of  the  art"  components  and  is  one  of  the  first  "Design- to- Price" 
projects.  It  is  called  the  "Anti-Ship  Missile  Defense  Electronic  Warfare 
(EW)  System  Project  — AN/SLQ-32.  This  equipment  comes  in  three 
versions  with  varying  capability.  The  V-l  is  a simple  system  which 
can  detect  missiles  and  provide  threat  warning.  The  V-2  includes  all 
of  the  V-l  capabilities,  plus  wider  frequency  coverage  and  Identifica- 
tion Friend  of  Foe  (IFF)  capability.  Finally  the  V-3  has  all  the  V-l 
and  V-2  functions,  plus  provisions  for  Electronic  Counter  Measures  (ECM). 
The  V-3  model  is  to  be  installed  on  larger  combatant  ships  like  the 
CGN  42  and  43,  and  possibly  the  DDG  47  class. 


D-305 


1 


The  initial  Design-to-Price  (DTP)  cost  thresholds  of  $300,000 
for  the  V-l,  $500,000  for  the  V-2  and  $1,500,000  for  the  V-3  were 
established  by  OPNAV.  An  invitation  for  bid  went  out  to  the  electronic 
industry  with  general  guidance  provided  by  NAVELEX  as  to  what  was 
required  and  the  shipboard  interfaces  expected.  The  system  had  to  be 
built  around  known  techniques  and  it  was  not  to  exceed  the  above  cost 
thresholds.  While  72  companies  expressed  interest,  only  12  were  selected 
to  submit  proposals.  Eventually,  this  was  narrowed  down  to  six  (6) 
companies  who  submitted  their  ideas  as  to  what  could  be  developed  for 
the  price  set  by  the  Navy. 

The  selection  process  was  very  involved.  The  six  proposals  were 
evaluated  by  a Navy  team  with  personnel  from  NAVELEX,  OP96,  NAV- 
MAT,  Navy  Laboratories,  NAVSEA  06  and  the  Navy  Electronics  Lab- 
oratory Center.  The  RCA  Cost  Predicition  Computer  Model  developed 
by  RCA  Moorestown  was  used  to  evaluate  the  six  proposals  and  then 
the  final  two.  RCA  trained  OP  96  cost  estimators  in  the  use  of  the 
cost  model  (PRICE). 

In  October  1973,  contracts  were  signed  to  build  two  pre-produc- 
tion models,  one  with  Raytheon  for  the  AN/SLQ-32  design  and  one  with 
Hughes  for  the  AN/SLQ-31  design.  The  contractors  provided  PME  107 
cost  information  as  the  pre-production  models  were  being  built. 
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Raytheon  and  Hughes  could  make  changes  to  the  design  provided  the 
general  requirements  set  forth  by  NAVELEX  were  followed  and  that  the 
cost  thresholds  were  not  exceeded. 


The  initial  cost  thresholds  were  for  the  hardware  plus  spares  and 
installation;  included  was  a projected  inflation  rate  of  three  percent 
annually  for  the  period  August  1973  - August  1975.  The  actual  inflation 
during  this  period  was  25  percent.  The  total  price,  however,  remained 
the  same,  but  the  performance  capability  of  the  pre-production  models 
had  to  be  reduced  to  keep  within  the  DTP  limits.  The  equipments  were 
built  and  installed  side  by  side  on  the  U.S.S.  LEAHY  where  they  went 
through  an  evaluation.  The  Raytheon  design,  the  AN/SLQ-32,  was 
finally  selected. 


During  the  negotiations,  substantial  amounts  have  been  saved 
by  detailed  proposal  reviews.  Both  the  Raytheon's  and  Hughes'  designs 
went  through  DSARC  I and  II  simultaneously.  NAVELEX  504B  was  in- 
volved in  the  DSARC  II  proposals,  financial  management,  and  selection 
phases.  As  a result  of  the  NAVELEX  participation,  the  labor  rates 
proposed  by  Raytheon  were  reduced  and  the  total  cost  of  the  AN/SLQ-32 
contract  was  reduced  $20  million.  Raytheon  had  proposed  labor  rates 
based  on  the  experienced  types  that  they  presently  employ.  NAVELEX 
504B  proved  that  most  of  the  people  they  hire  start  at  a much  lower 
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salary  and  thus  the  savings. 


PME  107-3  is  typical  of  the  Navy  Department  Participating 
Managers  (PARM)  in  that  cost  estimating  is  secondary  to  their  function 
as  equipment  designers  and/or  procurement,  and  there  are  no  professional 
cost  estimators  in  the  organization.  The  staff  consists  of: 

. Military  — one  captian  and  lieutenanct  (Navy) 

. Civilian  — six,  ranging  from  GS  15  to  12 

The  group  has  one  (1)  Electronic  Engineer  from  the  Naval  Research  Lab- 
oratory (NRL)  assigned  full  time  to  the  AN/SLQ-32  project  but  the 
project  will  eventually  be  assigned  four  (4)  more  engineers.  For  cost 
estimates  the  group  relies  heavily  on  contractor  information  or  on 
NAVELEX  504B. 

The  contract  with  Raytheon  is  a fixed  price  incentive  with  pro- 
jected inflation.  The  Program  Objectives  Memorandum  (budget)  pro- 
cess for  the  AN/SLQ-32  would  be  the  same  as  previously  described 
earlier  on  PME  107F13.  It  was  stated  that  Design-To- Price  has  to  be 
done  competitively  right  down  to  the  point  where  two  equipments  are 
evaluated  under  similar  conditions.  Without  compeition,  the  AN/SLQ- 
32  thresholds  would  not  have  been  maintained  according  to  PME  107-3. 
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The  concept  of  building  two  pre-production  models  was  first 
used  by  the  National  Air  and  Space  Agency  (NASA).  The  approach 
should  be  used  more  in  those  cases  where  the  kind  of  hardware  required 
can  be  described;  when  approaches  to  the  design  can  be  defined  for 
the  bidder;  when  the  reliability  and  maintainability  requirements  can 
be  identified  and  when  a realistic  cost  threshold  can  be  determined. 

(9)  Conclusions 

It  would  appear  from  the  depth  of  review  allowed  in  this  study 
that  the  following  conclusions  can  be  drawn. 

. Almost  all  estimates  originate  with  contractors  or 

manufacturers 

. The  PO/v\/Budget  estimates  draw  heavily  on  prior 

purchases  adjusted  for  expected  inflation,  size  of 
buy,  possible  changes,  etc. 

. Documentation  of  SCN  PO/v\/Budget  estimates  provided 

to  SEA  01 G is  incomplete 

. NAVELEX  504 B is,  in  fact,  the  estimating  focal  point 

in  NAVELEX  and  has  a substantial  input  to  budget 
estimates,  as  well  as  the  actual  contractor  selection 
and  contract  negotiations. 

. NAVELEX  has  only  five  personnel  officially  designated 

as  estimators. 

. Cost  drivers  between  time  of  Budget  and  Acquisition  are: 

inflation 

- program  change 

upgraded  specs 
scope 
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3. 


NAVAIR  HAS  A FISCAL  RESPONSIBILITY  VERY  SIMILAR  TO 
NAVSEA  BUT  THE  ACQUISITION  CIRCUMSTANCES  ARE 


DIFFERENT 

NAVAIR  has  the  same  budgeting  and  acquisition  responsibilities  with 
respect  to  Naval  aircraft  and  missiles  as  NAVSEA  has  with  respect  to  ships. 
The  budget  for  aircraft  and  missiles  is  about  $5.0  billion  for  FY  1978. 


The  cost  estimating  and  budget  formulation  process,  though  similar  to 
ships,  has  some  unique  characteristics  of  its  own  that  should  be  considered. 


The  naval  aircraft  are  unique  in  that  the  new  programs  are  always 
incorporating  features  and  requirements  that  crowd  or  exceed 
the  current  technological  threshold.  This  leads  to  difficult  cost 
prediction. 

Number  of  units  produced  each  year  are  ten  to  twenty  times 
more  than  naval  ships. 

The  aircraft  industry  is  very  sensitive  to  program  changes  with 
regard  to  numbers  and  technical  change. 

There  are  sufficient  sole  source  equipment  suppliers  whose  per- 
formance can  have  an  important  impact  on  aircraft  production 
for  a number  of  prime  contractors. 

A change  in  one  aircraft  program  could  effect  the  costs  in  another 
For  example,  if  two  aircraft  programs  were  to  use  the  same  engine 
the  engine  cost  would  reflect  a purchase  of  so  many  engines.  If 
one  program  was  canceled,  the  unit  engine  cost  would  then  in- 
crease on  the  aircraft  in  the  remaining  program. 

Navy  is  buying  a manufacturer's  design  to  meet  given  perfor- 
mance requirements. 

Compeition  between  aircraft  manufacturers  is  based  on  both 
design  and  cost. 
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(1 ) NAVAIR  Has  Four  Codes  That  Make  A Substantial  Contri- 
bution  To  Aircraft  And  Missile  Cost  Estimates 


Figure  D-24  is  a basic  organization  diagram  showing  the  position 
of  NAVAIR  506  and  other  cost  estimating  codes  in  the  NAVAIR  Command. 
The  Evaluation  Division  (NAVAIR  506)  estimates  the  "flyaway  cost", 
except  for  engines  which  are  costed  out  by  NAVAIR  536  (Propulsion 
Division).  Ground  support  costs  are  estimated  by  NAVAIR  534.  Such 
elements  as  Peculiar  Training  Equipment,  publications,  and  training 
facilities  and  spare  parts  are  provided  by  NAVAIR  410  (Logistics  Manage- 
ment Division). 

(2)  NAVAIR  506  (Evaluation  Division)  Is  The  Cost  Estimating  Focal 

Point  For  NAVAIR 

NAVAIR  506  puts  all  these  inputs  together,  validates  the  estimates 
and  provides  this  to  the  aircraft  project  manager  for  budget  submission. 

This  is  the  same  procedure  that  is  followed  in  NAVSEA.  As  the  esti- 
mating focal  point,  NAVAIR  506  is  called  upon  to  provide  technical 
and  financial  justification  for  all  of  the  elements  making  up  the  invest- 
ment cost. 

NAVAIR  537  (Ship  Installations  Division)  estimates  the  cost  of 
aircraft  support  equipment  going  aboard  ships  as  GFM  in  the  SCN  budget. 
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FIGURE  D.24 


NAVAIR  ORGANIZATION  (BASIC) 
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NAVAIR  537B  is  part  of  the  NAVAIR  Ship  Installation  Division 


537  with  primary  duties  in  the  planning  and  programming  for  the  in- 
stallation of  shipboard  NAVAIR  equipment.  Two  people  make  up  this 
group.  In  addition  to  plans  and  programs,  NAVAIR  537B  acts  as  the 
point  of  contact  for  all  NAVAIR  SCN  equipment  cost  estimates  forward- 
ed to  NAVSEA  01 G for  the  POM  programs.  NAVAIR  537B  has  the  re- 
sponsibility of  furnishing  catapaults,  arresting  gear,  and  visual  landing 
aid  systems  for  carriers.  It  is  supported  by  a 27  man  field  activity  that 
does  the  cost  estimating  for  the  above  equipments.  No  independent 
cost  estimate  is  performed  by  other  NAVAIR  groups. 

(3)  NAVAIR  Parametric  Past  Estimating  Techniques  Develop 

The  Twenty-Five  Elements  In  The  "Investment  Cost" 

The  cost  model  elements  in  the  "Investment  Cost"  are  as  follows: 


PROGRAM  ITEM 


Aircraft 

Airframe^  CFE 
Changes  Allowance 
Engines 

Engine  Accessories 
Electronics 
A-mament 
Other  GFE 
Non-recurring  Cost 


Missile  Hardware 
G,  C and  A 
Propulsion 
Booster 

Safety  & Arm.  Mech. 
Target  Det.  Device 
Warhead 

Integration  and  Assy. 
Engineering  Changes 
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Flyaway  Cost 

Air  Frame  PGSE 

Engine  PGSE 

Avionics  PGSE 

Peculiar  Training  Equipment 

Pubs/Technical  Data 

Fac.  Training/Training  Parts 


Support  Cost 

Gross  P-1  Cost 

Advance  Procurement  (credit) 
Advance  Procurement 

Program  Cost 

Spares/Spare  Parts 

Capital  Investment  Cost 


Procurement  Support 

Sys.  Engr./Proj.  Mgt. 
Contractor 
Gov't-in-house 
Special  Tool  & Test  Equip. 
Inspection  Gages 
Gov't.  Test  Program 
Data 

Containers 

Fleet  Support 

Peculiar  Spt.  Equipment 
Test  Equipment 
Handling  Equipment 
Training  Equipment 
Training  Services 
I.L.S.  Data  and  Pub: 
I.L.S. 


I 
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A substantial  portion  of  the  NAVAIR  budget  is  follow-on  air- 
craft and  missiles  which  do  not  require  new  estimates  from  the  ground- 
up. The  variables  for  follow-on  equipment  are  usually  related  to  the 
number  ordered,  changes  in  electronics,  armament  support  activities, 
inflation,  overhead,  etc. 

With  new  equipment,  it  is  necessary  to  use  all  information 
available  to  build  up  to  the  Investment  Cost.  The  system  now  in  use, 
however,  calculates  the  entire  airframe  as  one  number  using  parameters 
of  weight,  complexity,  material,  special  features,  etc.  The  estimating 
procedure  is  not  broken  down  however,  so  cost  for  fuselage,  wings, 
tail  assembly  or  landing  gear  cannot  be  estimated  individually.  Although 
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return  cost  data  can  be  purchased  in  this  detail,  the  various  Project 
Managers  do  not  consider  it  worth  the  expense.  They  do  receive  aggre- 
gate return  costs  for  plant- wide  labor,  overhead,  etc.,  according  to 
the  CCDR  requirements. 

With  the  use  of  the  computer,  CERs  are  developed  for  other 
elements  in  the  Investment  Cost.  They  use  OSD  guidance  for  out-year 
inflation  by  using  their  own  factors  for  budget  year  estimates  because 
they  consider  the  OSD  values  to  be  low. 

NAVAIR  506  has  direct  contact  with  manufacturers  and,  as  a 
result,  can  form  an  opinion  as  to  market  conditions,  inflation  factors, 
learning  curve,  productivity,  etc. 

The  estimating  process  at  all  levels  of  confidence  is  primarily 
parametric,  with  extensive  use  of  the  computer. 

. During  conceptual  design,  NAVAIR  will  use  a Rand 

cost  model  to  arrive  at  a "rough  estimate".  These 
estimates  are  usually  LCC  cost  exercises  which  are 
used  to  evaluate  the  cost  of  various  characteristics 
on  weapon  trade-off  studies. 

NAVAIR  506  also  uses  its  own  computer  — a Hewlett 
Packard  System  Model  9830.  This  system  stores  the 
databank  and  has  the  ability  to  process  this  data  by 
using  multiple  linear  regression  analysis  so  cost  of 
similar  elements  can  be  estimated  by  using  weights 
and  the  degree  of  complexity  as  the  principle  para- 
meters. 

% 
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The  Budget  estimating  is  done  by  the  same  group  with 
the  assistance  of  other  Codes  mentioned  earlier.  Note 
was  made  during  the  interview  that  the  learning  curve 
for  aircraft  is  much  less  apparent  or  predictable  since 
the  numbers  of  aircraft  ordered  have  dropped  from 
3,000  in  the  60's  to  300  currently. 

NAVAIR  506  does  not  prepare  a contract  estimate  prior 
to  award  nor  do  they  perform  a TAR  prior  to  award. 

(4)  NAVAIR  Estimating  Resources  Are  Similar  To  NAVSEA  With 
Some  Substantial  Differences 


f 


I 


Approximately  50-60  people  throughout  NAVAIR  contribute  to 
the  cost  estimating  and  analysis  function.  The  largest  group  is  NAVAIR 
506  with  30  people,  NAVAIR  536  with  eight  and  twelve  in  NAVAIR 
534.  The  remaining  five  to  ten  are  distributed  among  various  Codes, 
such  as  NAVAIR  410  and  537. 

. In  NAVAIR  506,  the  personnel  are  on  the  average 

young,  well-educated  and  hold  good  civil  service 
grades.  The  average  age  is  35.  Ninety  hold  one 
or  more  degrees  in  business,  mathematics,  account- 
ing, economics,  etc.  The  staff  has  no  engineers  and 
very  little  industry  experience  outside  of  government. 
The  range  of  experience  for  most  of  the  staff  in  cost 
estimating  or  analysis  is  five  to  ten  years. 

. NAVAIR  makes  little  use  of  outside  contractors  for 

direct  estimating  services;  NAVAIR  506  only  uses 
outside  help  to  do  computer  programming.  The  com- 
puter is  physically  in  house  and  operated  by  NAVAIR 
personnel . 

. The  data  bank  in  NAVAIR  is  fed  primarily  from  CCDR 

which  is  stored  and  processed  in  the  computer.  The 
data  bank  is  being  fed  new  data  continually  and  pro- 
grams are  also  being  continually  revised  and  improved. 
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Technical  data  is  provided  as  required  by  NAVAIR  Pro- 
ject Managers,  engineering  codes,  and  vendors.  This 
is  the  source  of  physical  parameters  used  in  the  estimates. 


(5)  NAVAIR's  Input  To  The  SCN  Budget  Comes  Through  NAVAIR 

537  — Ship  Installation  Division 

NAVAIR  537 B is  part  of  the  NAVAIR  Ship  Installation  Division 
537  with  primary  duties  in  the  planning  and  programming  for  the  instal- 
lation of  shipboard  NAVAIR  equipment.  Two  people  make  up  this  group. 
In  addition  to  plans  and  programs,  NAVAIR  537  B acts  as  the  point  of 
contact  for  all  NAVAIR  SCN  equipment  cost  estimates  forwarded  to 
NAVSEA  01 G for  the  POM  programs.  NAVAIR  537B  has  the  responsi- 
bility of  furnishing  catapults,  arresting  gear,  and  visual  landing  aid  sys- 
tems for  carriers.  It  is  supported  by  a 27  man  field  activity  that  does 
the  cost  estimating  for  the  above  equipments. 


The  Head  of  537B  is  a GS  14,  the  only  professional 
in  NAVAIR  537  B.  He  has  had  approximately  15  years 
government  experience  and  ten  years  experience  in 
private  industry. 

The  actual  estimates  are  provided  by  engineers  in  the 
field  activities  (27  men)  using  former  contracts  as  the 
data  base  (bank).  All  the  equipments  furnished  by 
NAVAIR  537B  have  been  contracted  for  many  times. 
There  is  no  pricing  group  in  the  field  units  only  engi- 
neers doing  cost  estimating.  Contracts  for  parts  and 
some  services  are  the  source  for  the  catapults  material 
cost  since  the  only  manufacturer  is  the  Naval  Engineer- 
ing Center,  Lakehurst,  a government  facility.  Con- 
tracts for  other  equipments  furnished  by  NAVAIR  537 
are  competitive.  For  all  equipments  they  will  add  in- 
flation factors  based  on  Department  of  Defense  indices. 
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It  was  stated  that  most  of  the  cost  estimating  done  for 
NAVAIR  537  equipment  is  not  scientific  but  based  on 
experience. 

The  only  cost  estimate  review  is  by  NAVAIR  537  at 
headquarters  for  selected  equipments.  No  independent 
cost  review  is  performed  by  any  outside  activity.  The 
opinion  was  expressed  that  major  cost  drivers  were  the 
material  cost  increase,  labor  rate  increase,  and  infla- 
tion. Once  a contract  has  been  given  for  equipment, 
almost  no  change  takes  place.  Occasionally,  some 
Engineering  Change  Proposals  are  forwarded  by  fleet 
units  for  safety  or  corrosive  reasons.  There  are  no 
GFM  integration  problems. 


(6)  Aircraft  Prices  Have  Gone  Up  Dramatically  Since  1960 

In  broad  terms, cost  for  aircraft  has  gone  up  ten  times  in  the 
last  15  to  20  years.  The  principle  causes  for  this  increase  have  been: 

. Inflation 

. Technical  sophistication 

. Reduced  numbers 

. Decreased  productivity 
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4.  NAVFAC  IS  RESPONSIBLE  FOR  A WIDE  RANGE  OF  FACILITY 

INSTALLATIONS  AND  DOES  A MAJOR  PORTION  OF  ITS  COST 
ESTIMATING  IN  THE  FIELD 


The  Naval  Facilities  Engineering  Command  (NAVFAC)  is  responsible 
for  the  construction  and  maintenance  of  all  Navy  shore  installations  and 
facilities.  The  annual  new  construction  budget  for  1977  is  $600,000,000  for 
which  the  approximate  average  cost  per  project  is  $2,000,000.  The  largest 
project  in  the  FY  1977  budget  is  for  a hospital  at  an  estimated  cost  of 
$23,850,000. 

NAVFAC  projects,  in  most  instances,  are  closely  allied  to  similar 
projects  found  in  the  commerical  world.  Naval  Facilities  include  airports, 
housing,  shops,  office  buildings,  hospitals,  schools,  research  centers,  test 
facilities,  ammunition  stowage,  piers,  wharfs,  etc. 

In  contrast  to  weapons  or  ships,  which  are  manufactured  in  large  num- 
ber (weapons)  and  ships  where  design  similarity  is  a goal,  most  of  the  shore  in- 
stallations are  one  of  a kind  and  must  be  estimated  and  contracted  for  on  an 
individual  basis  over  a widely  dispersed  geographical  area.  In  order  to  facili- 
tate timely,  knowledgable  estimating  on  those  projects  where  cost  varies  with 
the  locality,  the  estimating  is  done  in  the  field. 

(1)  The  Headquarters  Office  Gives  Estimating  Guidance,  But 
The  Estimates  Are  Prepared  In  The  Field 

Figure  D-25  shows  the  relationship  of  the  estimating  organiza- 
tion in  headquarters  to  the  Assistant  Commander  for  Engineering  and 
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FIGURE  D.25 
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Design.  The  Naval  Facilities  Engineering  Command  has  the  lead  re- 
sponsibility for  project  planning,  military  installation  planning  and 
civil  engineering;  and  to  conduct  shore  facilities  planning  for  all  com- 
ponents of  the  Navy  and  others  as  directed.  The  administration  for  the 
Engineering  Field  Divisions  (EF D)  that  provides  cost  estimates  for  the 
above  responsibilities  is  located  in  NAVFAC  043,  the  Engineering 
Operations  Division,  which  is  part  of  the  Engineering  and  Design 
Command  (NAVFAC  04). 

There  is  no  cost  estimating  being  done  in  NAVFAC  headquarters 
although  NAVFAC  043  does  provide  costing  guidance  for  the  EFD  by 
the  issuance  of: 

"Conceptual  Military  Construction  Cost  Engineering  Data"  and 

"Historical  Military  Construction  Cost  Engineering  Data" 

The  conceptual  data  is  the  basis  for  the  preparation  of  cost  estimates 
and  budgetary  costs  in  the  conceptual  or  planning  stage  for  Public  Works 
Construction.  The  costs  are  presented  at  the  engineering  estimate  level 
and  can  be  adjusted  for  geographic  locations  and  time  element.  The 
Historical  Military  Construction  Cost  Engineering  Data  provides  informa- 
tion for  the  review  of  the  related  FY  Military  Construction  Programs  by 
fiscal  year  . This  document  lists  the  cost  forprojects  at  the  time  and 


% 


% 
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location  of  award. 


The  responsibility  for  preparing  the  budget  and  engineering 
estimates  for  the  construction  program  is  assigned  to  Engineering 
Field  Divisions  listed  below. 


. Atlantic  Division  - Norfolk,  Virginia 

. Chesapeake  Division  - Washington,  D.C. 

. West  Division  - San  Francisco,  California 

. North  Division  - Philadelphia,  Pennsylvania 

. South  Division  - Charleston,  South  Carolina 

. Pacific  Division  - Honolulu,  Hawaii 

The  staffing  of  these  offices  for  estimate  preparation  or  review 
of  estimates  prepared  by  outside  architectural  and  engineering  firms  is 
as  follows: 


Division 

Number 

GS  Grade  Range 

Atlantic  Division 

15 

13-11 

Chesapeake  Division 

5 

13-11 

West  Division 

17 

13-9 

North  Division 

8 

13-11 

South  Division 

6 

13-11 

Pacific  Division 

4 

13-12 

Total 

55 

Although  the 

EFDs  are  respon 

srble  for  estimate  preparation 

of  the  estimates  are  made  by  outside  Architectural  and  Engineering  firms 
(A&E). 
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(2)  N ew  Procedures  Require  Budget  Estimates  Be  Based  Upon  The 

Design  Being  30  Percent  Complete 

The  budgeting  process  begins  with  the  preparation  of  the  Basic 
Facilities  Requirement  List  (BFRL).  The  BFRL  lists  the  essential  facilities 
for  an  activity  to  perform  its  mission,  tasks,  function,  and  workload. 

The  activity  Commanding  Officer  (CO)  is  responsible  through  the  Major 
Claimant  for  planning,  funding,  and  sponsorship  of  construction.  Major 
Claimants  are  those  commands,  bureaus,  and  offices  designated  by  the 
CNO,  as  claimants  for  a share  of  Military  Construction  programs  for  the 
shore  (field)  activities  under  their  command. 

Annually  in  July,  the  Military  Construction  Review  Board  (MCRB) 
will  meet  to  discuss  the  list  of  priorities  and  made  adjustments  to  the 
BFRL.  For  approved  projects,  the  facility  prepares  DD  Form  1391, 

(Figure  D-25A)  Military  Construction  Project  Data,  which  are  submitted 
for  the  next  annual  Military  Construction  (MILCON)  program.  The  CO 
provides  narrative  and  justification  data  and  the  EFD  provides  technical 
engineering  services  and  data  in  support  of  the  project.  Form  1391  pro- 
vides cost  estimates  for  the  primary  and  supporting  facilities  for  unit 
cost  and  total  cost  and  provides  a five  percent  contingency  for  the  pro- 
ject. This  form  is  the  primary  document  used  for  processing  a MILCON 
project  through  the  various  review  levels  of  the  Department  of  the  Navy, 
Department  of  Defense  and  for  submission  to  the  Congress  for  funding. 
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FIGURE  D.25A 
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FIGURE  D.25A  (continued) 


1 COMPONENT 

FY  19 MILITARY  CONSTRUCTION  PROJECT  DATA 

2.  DATE 

3.  INSTALLATION  AND  LOCATION 

A PROJECT  TITLE 


5.  PROJECT  NUMBER 


DD,D0ECM76  1391c 


PREVIOUS  EDITIONS  MAY  BE  USED  INTERNALLY 
UNTIL  EXHAUSTED 


PAGE  NO 


D-323B 


The  current  requirement  as  set  forth  in  NAVFACINST  11010.14C 
(11  November  1975)  is  that  Form  1391  must  reflect  30  percent  design  as 
defined  in  Exhibit  D.5.  This  design  effort  is  funded  out  of  current  year 
monies  made  available  for  this  purpose,  which  amounts  to  4.5  percent 
of  the  total  program  costs. 

The  design  and  estimating  work  is  usually  contracted  out  as  soon 
as  the  project  has  been  approved.  The  30  percent  design  is  then  to  be 
finished  in  time  to  complete  DD  Form  1391  for  the  budget  process.  At 
the  30  percent  design  stage,  the  cost  estimate  is  considered  to  be  accur- 
ate within  10-20  percent.  The  responsible  EFD  reviews  the  30  percent 
design  and  costs;  resolves  differences  with  the  CO/A&NE;  and  aids  in 
the  preparation  of  DD  Form  1391 . The  design  effort  continues  with  the 
goal  to  have  a 100  percent  design  and  a final  estimate  about  six  months 
before  the  President's  Budget  is  presented  to  Congress.  This  also  gives 
NAVFAC  about  two  or  three  months  to  adjust  the  programs  before  they 
become  Locked  in. 

(3)  Most  Of  The  Estimating  Is  Done  By  Architectural  And  Engineer- 
ing Firms 


The  rule  of  thumb  division  of  design  and  estimating  work  is  25 
percent  for  the  Navy  field  office  and  75  percent  for  the  A&E  firms. 

All  of  the  work  done  by  the  contractors  is  reviewed  and  checked  by  the 


D-324 


field  office. 


The  cost  estimating  procedures  are  those  commonly  used  in  indus- 
try. Substantial  use  is  made  of  published  data,  handbook  and  contract 
award  data.  The  Navy  does  not  receive  return  costs  as  a general  rule  as 
all  projects  are  awarded  on  a fixed  price  basis. 


NAVFAC  has  worked  from  time  to  time  on  greater  computer  use 
in  estimating.  Three  years  ago,  NAVFAC  043  developed  a computer 
cost  estimating  format  and  data  bank  which  was  not  accepted  by  the 
field  divisions.  They  are  presently  in  the  process  of  revising  the  cost 
estimating  computer  format  and  this  time  NAVFAC  043  has  inputs  from 
the  field  divisions  incorporated  into  the  new  system.  A uniform  work 
breakdown  structure  (WBS)  is  being  used  for  the  computer  data  bank. 
The  new  system  will  have  terminals  in  each  of  the  EFD*s  and  the  new 
format  (system)  will  have  the  capability  of  sorting  out  the  various  data 
codes  and  has  99  indicators  programmed  for  updating  the  data  base. 
Some  of  the  stored  data  is  the  same  for  all  the  field  activities  but  in 
certain  cases  there  are  different  columns  of  data  for  each  of  the  EFD's. 
The  system  will  go  into  use  very  soon,  however,  the  use  of  the  system 
by  the  EFD*s  cannot  be  legislated  by  Headquarters  but  it  is  hoped  that 
it  will  have  wide  use. 
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The  detail  of  the  budget  estimate  which  backs  up  the  DD  Form 
1391  can  vary  from  the  very  abreviated  breakdown  shown  on  DD  Form 
1391  to  a detailed  bottom-up  estimate  of  10-50  sheets  with  several 
hundred  line  items.  The  100  percent  estimate  examined  was  for  a 
hospital.  This  estimate  consisted  of  128  sheets  and  approximately 
2,000  line  items. 

The  budget  estimates  prepared  by  NAVFAC  have  a five  per- 
cent margin.  This  cannot  be  exceeded.  If  the  100  percent  estimate 
indicated  this  margin  would  be  exceeded,  the  scope  of  the  project 
is  reduced  or  it  is  postponed  for  re-evaluation  in  a following  year. 

(4)  Qualifications  For  Estimators  Stress  Practical  Experience 

The  total  number  of  estimators  in  the  field  is  about  55,  ranging 
from  GS  13  to  GS  9.  These  estimators,  for  the  most  part,  are  not 
college  graduates  but  have  worked  in  the  construction  industry  and 
know  the  business  from  the  practical  side.  At  the  Chesapeake  Division, 
the  head  cost  estimator  has  had  approximately  30  years  experience 
and  the  others  have  had  five,  six,  nine,  and  ten  years  cost  estimating 
experience,  respectively. 


i 
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(5)  NAVFAC  Procurement  Procedures  Greotly  Reduce  Chances 
For  Cost  Overruns  And  Cost  Growth 


If  the  30  percent  design  criteria  is  enforced,  the  chance  of  cost 
overruns  will  be  greatly  reduced  if  inflation  factors  can  be  reasonably 
predicted.  This  is  possible  only  because  the  design  has  advanced  to 
the  point  where  the  Navy  is  reasonably  sure  of  what  the  project  re- 
quires. 

(6)  NAVFAC  Cost  Estimate  Review  Procedure  Is  Practical  And 
Straight  Forward 

As  mentioned  earlier,  the  estimate  review  is  made  in  headquarters 
by  NAVFAC  043.  This  office  reviews  the  estimate  for  content  and  com- 
pliance with  current  directives  and  policies.  The  detailed  costs  are 
checked  against  general  cost  parameters  for  similar  work  and  market 
expectations.  NAVFAC  does  not  prepare  Independent  Cost  Estimates 
using  Operations  Research-type  techniques  used  by  the  Army  or  para- 
metric analysis  used  by  NAVAIR,  the  CAIG  and  OP96D. 

(7)  Cost  Drivers  For  Shore  Facilities  Are  Generally  Limited  To 
Inflation 

NAVFAC's  contracting  and  specification  requirements  closely 
parallel  commerical,  civilian  public  works  and  projects.  The  firming 
up  of  design  prior  to  budget  submittal  and  the  dictated  five  percent 


! 
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growth  limitation  has  almost  eliminated  cost  growth  except  for  unexpected 
inflation.  The  unexpected  inflation  from  1973  to  1976  did  catch  NAV- 
FAC  unaware,  as  it  did  everybody  else.  Now,  however,  they  are  find- 
ing that  estimates  made  one  year  ago  include  an  allowance  for  inflation 
and  market  which  is  in  excess  of  what  is  now  being  experienced. 

5.  THE  MILITARY  SEALIFT  COMMAND  (MSC)  HAS  AN  ESTIMATING 
CAPABILITY  ASSOCIATED  WITH  THEIR  ENGINEERING  OFFICE 

The  MSC  operates  very  much  like  a large  private  shipping  company, 
with  89  ships  serving  a variety  of  roles  from  ordinary  cargo  transport  to  complex 
oceanographic  duties. 

The  Military  Sealift  Command  Engineering  Office  is  responsible  for  the 
engineering  operations/maintenance,  repairs,  and  alterations  of  the  MSC  fleet 
and  such  special  project  ships  as  are  assigned  to  it.  This  includes  planning, 
supervising  and  approving  the  development,  construction  and  conversion  of 
ships  to  be  operated  by  MSC,  and  supervising  the  Technical  Materials  Program 
of  MSC. 

(1)  The  Ships  Concepts  Division  Has  The  New  Ship  Construction 
Cost  Estimating  Capability  Within  MSC  As  A Secondary 
Function 

The  organization  of  Headquarters  staff  of  Engineering  Officer 
is  shown  of  Figure  D.26.  The  cost  estimating  function  is  carried  out  in 
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MATERIALS  1 — DRAFTING  ROOM 


Code  M4E2  — Ships  Concepts  Division. 


The  Division  was  formally  established  in  1967.  This  Division 
provides  a focal  point  for  defining  MSC  requirements  for  new  ships. 

The  Division  is  also  concerned  with  developing  ship  characteristics  and 
designs  in  support  of  MSC  programs  and  plans  and  with  providing  naval 
architectural  information  on  new  concepts  and  advanced  ship  designs. 

The  major  functions  this  Division  is  responsible  for  include: 


Reviewing  Sealift  program  requirements  and  preparing 
feasibility  studies 

Reviewing  MSC  operations  to  determine  areas  of  poten- 
tial improvement  and  economy  through  introduction  of 
more  efficient  methods  or  new,  more  productive  equip- 
ment 

Reviewing  new  construction  plans  and  specifications 
proposed  by: 

Private  operators  for  construction  subsidies  for 
ships  which  may  be  offered  for  charter  to  MSC 

- Naval  activities  for  MSC  nucleus  and  special 
project  ships 

- Maritime  Administration  for  national  defense 
purposes 

Preparing  contract  specifications  and  supervising  contracts 
for  naval  architectural  firms  to  supplement  MSC  resources 
making  engineering  studies  and  developing  ship  concept 
designs  into  contract  guidance  plans  and  specifications 
for  bid  purposes 
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. Advising  with  respect  to  characteristics  and  costs  of 

new  construction  and  with  respect  to  operating  economies 

(2)  The  Engineering  Staff  Prepares  Estimates  On  An  Intermittent  Basis 

This  Division  is  composed  of  five  engineers  (naval  architects  and 
marine  engineers)  whose  primary  responsibilities  are  technical.  The  cost 
estimating  functions  are  secondary,  although  the  staff  has  three  or  four 
estimating  projects  each  year.  The  reason  MSC  does  estimating  for  new 
construction  is  because  there  are  two  possibilities  for  adding  to  the  MSC 
fleet  — by  a privately  financed  "build  charter"  program  or  through  SCN 
budget.  In  the  conceptual  stage,  they  do  not  know  how  the  financing 
will  go,  so  they  do  make  preliminary  estimates  as  part  of  the  feasibility 
study  stage  to  get  an  idea  of  how  much  a project  might  cost.  This  is 
more  useful  if  financing  will  be  by  "build  charter"  than  if  in  the  SCN 
budget.  If  the  ship  is  to  be  included  in  the  SCN  budget,  the  independ- 
ent estimate  made  by  SEA  01  G is  used. 

(3)  MSC  Prepares  Estimates  Quite  Independently  From  NAVSEA 

Or  Other  Ship  Cost  Estimating  Organizations  Within  The  Navy 

Unlike  NAVSEC,  OP96D  and  CNA,  the  MSC  does  its  estimating 
quite  independently  from  SEA  01 G.  MSC  usually  estimates  from  a con- 
ceptual design  that  will  include  an  outline  specification,  basic  charac- 
teristics, general  arrangements  and  a preliminary  weight  estimate.  With 
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this  data,  informal  contracts  are  made  to  shipyards  building  this  type  of 
vessel  for  their  opinion  on  cost  as  a whole  or  for  a major  weight  group- 
ing such  as  steel,  outfit  and  machinery.  They  also  have  good  contacts 
with  equipment  suppliers  and  solicit  their  help.  They  also  keep  track 
of  published  cost  data  and  maintain  a good  informal  line  of  communica- 
tion open  with  estimators  in  MarAd. 

MSC  does  not  have  a good  data  bank  of  bid  data  or  return  costs. 
The  data  bank  consists  of  records  of  their  past  efforts  and  good  informal 
lines  of  communications  with  shipyards,  equipment  suppliers,  and  other 
government  agencies. 

MSC  doesn't  have  computer  models.  They  use  simple,  direct, 
practial  engineering  costing  procedures,  and  obtain  cost  information 
from  whatever  source  is  available. 

6.  THE  SYSTEMS  ANALYSIS  DIVISION,  OP96D,  IS  THE  FINAL  COST 
ESTIMATE  VALIDATING  ORGANIZATION  IN  THE  NAVY 


OP96D  is  a division  within  the  Office  of  Chief  of  Naval  Operations, 
whose  major  function  arises  from  OPNAVINST  7000. 17A,  as  follows: 


"The  Systems  Analysis  Division  (OP96)  shall  maintain  periodic  on- 
request  studies  of  Navy  programs.  Both  on-going  or  proposed,  for 
the  purpose  of  validating  acquisition  and  ownership  costs  of  major 
weapon  systems,  and  providing  the  cost  validation  function  in  sup- 
port of  cost  and  effectiveness  studies,  CEB  and  NADEC  presentations. 
This  group  shall  have  access  to  all  data  within  the  Navy  and  shall 
employ  parametric  cost  analysis  together  with  other  techniques,  keep- 
ing the  CNM  and  program  sponsor  informed  of  the  results  of  independ- 
ent analyses  and  validation." 
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In  this  capacity,  most  of  its  estimates  are  prepared  to  independently  validate 
or  modify  estimates  made  by  all  procurement  commands  in  support  of  weapon 
systems  (including  ships)  in  connection  with  the  DNSARC/DSARC  process. 


(1)  The  Systems  Analysis  Division,  OP96D,  Is  Under  The  Direction 

Of  The  Director  Of  Naval  Planning,  QP090 

Figure  D.27  shows  the  realtive  position  of  OP96D  in  the  organi- 
zation hierarchy  of  the  Navy. 

(2)  The  OP96D  Staff  Is  Small,  Professional  And  Use  Parametric 

Estimating  Techniques 

The  resource  of  tnis  office  includes  a staff  of  professionals.  The 
organization  is  directed  by  a GS  16  and  consists  of  four  organizational 
units  of  two  men  each  for  Aircraft,  Missiles,  Electronics  and  Ships. 

The  credentials  of  the  staff  are  impressive.  The  officers  are 
full  Commanders  and  the  average  civilian  grade  is  GS  14.  All  have  a 
basic  engineering  or  scientific  background.  All  have  two  Masters  Degrees 
in  such  disciplines  as  econometrics,  finance,  statistics,  etc.  Three  of 
the  staff  have  Ph.D.  Degrees. 

In  the  case  of  ships,  the  technical  and  financial  data  used  in 
preparing  estimates  comes,  for  the  most  part,  from  PMS  and  SEA  01  G 
with  support  from  four  outside  contractors.  The  staff  also  uses,  as  ap- 
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FIGURE  D.27 

OP  96  D IN  THE  CNO  ORGANIZATION 
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propriate,  a Rand  ship  cost  model.  These  appear  to  be  the  basic  sources 
of  data.  However,  the  organizational  position  of  this  staff  and  supporting 
directives  gives  them  ready  access  to  any  information  residing  in  the 
Navy. 


This  office  uses  a number  of  estimating  techniques  such  as  statis- 
tical comparison,  regression  analysis  and  parametric.  When  using  para- 
metric techniques  they  are,  if  possible,  applied  to  the  basic  nine  group 
ship  construction  cost  and  weight  breakdown.  The  estimating  procedure 
is  very  similar  to  that  employed  by  SEA  01  G in  that  they  also  use  bid 
data,  rather  than  return  costs,  as  the  basic  data  bank.  The  Rand  model 
used  is  also  understood  to  be  dependent  upon  bid  data  rather  than 
return  costs.  For  weapon  test  and  integration,  they  use  a cost  which  is 
a percent  of  the  estimated  weapon  cost. 

(3)  The  Independent  Estimates  Rely,  To  A Significant  Degree, 

Upon  Data  Provided  By  SEA  01  G and  Project  Managers 

OP96D  advised  that  they  use  data  similar  to  that  used  by  SEA 
01  G,  i.e.,  summary  bid  data,  and  they  use  weapon  system  costs  which 
are  aggregated  in  SEA  01  G from  the  PAR  Ms.  OP96D  has  a very  good 
working  relationship  with  SEA  01 G which  provides  OP96D  with  infor- 
mation copies  of  their  cost  analysis  guidance  and  any  other  information 
specifically  asked  for.  This  group  accepts  the  construction  periods 
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established  by  the  PMS  and  used  by  SEA  01  G for  the  time  period  of  the 
estimate.  They  do  not  make  an  independent  evaluation  of  this  most 
important  cost  input. 

With  these  tools,  plus  their  own  judgement  regarding  market 
conditions,  cost  trends,  and  economic  variables,  OP96D  develops  an 
independent  estimate.  If  the  estimate  is  within  eight  percent  of  those 
being  evaluated  from  the  PMS,  which  were  for  the  most  part  developed 
by  SEA  01  G,  it  is  considered  a good  check. 

(4)  OP96D  Believes  Cost  Growth  To  Be  Caused  By  A Variety 

Of  Factors 

The  interview  with  OP96D  brought  forth  several  pertinent  con- 
siderations regarding  control  of  cost  growth. 


OP96D  attempts  to  spot  unrealistic  estimates  in  the 
DSARC  process  which,  in  the  case  of  low  Project 
Managers  (PMs)  estimates,  could  avoid  the  appear- 
ance of  cost  growth  had  the  low  estimate  been  estab- 
lished as  a baseline  cost.  As  a rule,  PAAs  estimates 
tend  to  be  low  to  help  sell  the  program. 

Program  instability  is  often  considered  to  be  responsible 
for  cost  growth  by  reducing  numbers  and  pushing  pro- 
grams further  into  the  future.  Both  of  these  actions 
will  cause  cost  growth  without  a technical  change.  It 
was  pointed  out  that  most  of  these  actions  were  directed 
by  the  Secretary  of  Defense,  the  Chief  Executive  or 
the  Congress. 
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The  point  of  view  was  expressed  that  overruns  or  cost 
growth  could  have  a positive  effect.  It  was  theorized 
that  if  the  cost  estimates  were  not  tight,  all  the  margins 
would  eventually  get  eaten  up  one  way  or  another.  The 
net  effect  would  be  to  have  total  program  cost  in  excess 
of  one  with  a low  budget  and  high  overrun. 

OP96D,  at  one  time,  used  a 95  percent  learning  curve. 
Now  they  are  seeing  no  evidence  of  learning. 

With  respect  to  budgeting,  the  OP96D  personnel  indicated 
that  ideally  ship  estimates  should  be  expressed  in  ranges, 
rather  than  as  finite  amounts.  Some  personnel  in  the 
Congressional  Budget  Office  and  in  DOD  understood  this. 
However,  practically,  it  is  necessary  to  have  a finite 
estimate,  even  if  it  only  covers  a planning  wedge.  Other- 
wise, the  best  that  could  be  expected  would  be  to  cut 
to  the  lower  limit  of  the  range. 


(5)  OP96D  Believes  Weapon  Estimating  To  Be  The  Weakest  Area 
In  NAVSEA 

The  OP96D  interview  surfaced  several  observations  regarding 
SEA  01  G.  First,  they  are  considered  to  be  understaffed  for  their  very 
heavy  workload.  They  consider  the  estimating  capability  for  weapons 
to  be  the  area  in  SEA  01  G where  they  could  use  help  the  most,  as  they 
have  no  capability  to  make  independent  estimates.  It  was  also  expressed 
that  it  was  preferable  to  have  a central  ship  estimating  staff  rather  than 
providing  that  capability  to  each  PMS. 
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(6)  Conclusions 


OP96D  estimating  capability  is  geared  to  review  and 
"idea"  type  estimating. 

For  a large  part,  the  input  to  SEA  01  G and  OP96D  are 
almost  the  same. 

OP96D  does  not  make  independent  analysis  of  program 
building  period  or  impact  on  shipbuilding  industry. 

The  high  percentage  of  rotating  officers  in  the  staff 
would  tend  to  give  the  group  a shorter  corporate  memory 
and  continuity  of  approach  than  a group  primarily  staffed 
by  career  analysts. 


7.  THE  NAVAL  SHIP  ENGINEERING  CENTER  (NAVSEC)  HAS  A COM- 
PUTER ORIENTED  SHIP  CONSTRUCTION  COST  ESTIMATING  CAPA- 
BILITY 

The  cost  estimating  and  analysis  function  in  NAVSEC  resides  in  Code 
6112D,  Economic  Analysis  Section.  The  group  is  responsible  for  developing  con- 
ceptual ship  cost  estimates  for  internal  use  of  NAVSEC  to  maintain  cost  control 
of  the  development  of  ship  design,  such  as  "design  to  cost"  programs,  and  to 
provide  the  SHAPM  with  approximate  ship  cost  impact  on  various  design  features 
and  equipment  (weapons,  electronics,  HM&E,  etc.)  alternatives.  Very  often, 
the  cost  impact  of  these  design  alternatives  are  used  in  LCC  analysis  to  help 
determine  the  final  design  selection. 

The  following  chart  shows  the  position  of  this  group  relative  to  the 
Commander,  NAVSEC  (See  Figure  D.28). 
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FIGURE  0.28 

SEC  6112  IN  THE  NAVSEC  ORGANIZATION 
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ECONOMIC  ANALYSIS 
SECTION 
6112D 


0) 


The  Estimating  Function  Is  Geared  To  Seven  Single  Digit 

Weight  Group  Parametric  Estimating 


The  estimate  for  the  base  ship  is  done  on  the  computer  using 
the  seven  single  digit  weight  groups.  The  data  base  is  developed  around 
bid  data  for  selected  shipyards  that  have  specialized  in  certain  ship 
types,  i.e.,  DD  at  Bath,  CVN  at  Newport  News,  etc.  If  the  esti- 
mates are  destined  to  be  used  outside  the  NAVSEC  Command,  the 
computer  program  cost  inputs  are  first  validated  by  SEA  01  G.  The 
features  of  particular  interest  to  SEA  01  G would  be  labor  rates,  over- 
head rate,  inflation,  and  profit.  When  estimating  the  impact  of  alter- 
nate equipments  or  features,  the  three  digit  weight  breakdown  and 
unit  equipment  costs  are  used. 

The  NAVSEC  estimates  are  not  in  any  way  associated  or  used 
in  the  SCN  budget  process  and  they  are  not  subject  to  a formal  review 
process.  The  computer  model  is  validated  by  SEA  01  G,  but  not  the 
computer  output.  Within  NAVSEC,  there  is  no  review  by  higher 
authority. 

(2)  The  Estimating  Staff  Is  Operations  Research  Oriented 

The  Economic  Analysis  Branch  is  staffed  with  five  professionals: 
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Grade  Est.  Yrs,  Exp. 


Section  Head 

GS  14 

8 

Engineer 

GS  14 

12 

Engineer 

GS  12 

3 

Mathematician 

GS  12 

3 

Mathematician 

GS  9 

1 

The  two  mathematicians  maintain  the  data  base  in  computerized 
format,  using  information  made  available  to  them  from  SEA  01  G and 
NAVSEC.  The  engineers  perform  the  estimating  function.  The  estimators 
use  weight  and  design  data  prepared  by  NAVSEC,  POM,  guidance  from 
SEA  01  G,  and  GFM  costs  also  available  from  SEA  01 G.  The  estimators 
also  obtain  cost  information  on  equipments  from  engineers  in  NAVSEC, 
SHAPMs,  PARMs  and  various  equipment  PMs. 


(3)  NAVSEC  Is  Of  The  Opinion  That  Lack  Of  Firm  Technical 

Information  And  Uncertainty  Of  The  Detailed  Specifications 

Are  Major  Causes  Of  Poor  Estimates 


There  is  a need  to  expand  and  improve  the  data  base.  Some 
discussions  took  place  on  the  value  of  returned  costs.  It  was  brought 
out  that  returned  cost  would  be  very  old  and  out-of-date  when  they 
became  available.  Returned  costs  often  reflect  unusual  construction 
and  claim  problems  that  should  not  be  factored  into  future  considera- 
tions. 
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NAVSEC  believes  one  of  their  most  effective  means  for  keep- 
ing program  costs  under  control  is  to  be  able  to  determine  cost  changes 
identified  with  design  development.  The  opinion  was  expressed  that 
one  major  factor  that  drives  the  cost  of  GF/v^/GFI  are  more  stringent 
requirements  such  as  reliability,  noise,  etc.  Most  of  these  added 
costs  eventually  are  reflected  in  the  bid  data  used  in  the  data  base. 

(4)  Estimates  Prepared  By  NAVSEC  Are  Commissioned  By  The 
SHAPM 

NAVSEC  does  not  do  any  estimating  unless  it  can  be  charged 
to  a work  task  assignment  (WTA),  subject  to  approval  by  a SHAPM. 

An  example  estimate  of  a CV  ship  acquisition  cost  model  was  made 
available  for  review.  This  estimate  is  an  excellent  example  of  com- 
puter aided  parametric  estimating  and  should  serve  as  a model  for  an 
expanded  effort  in  this  direction. 

8.  THE  ARMY  GIVES  HIGH  PRIORITY  TO  COST  ANALYSIS  AND  LIFE 
CYCLE  COSTING 

The  Army  like  the  Navy  has  a multi  billion  dollar  budget  for  material 
procurement.  In  FY  1977  it  was  over  3 billion  dollars.  The  FY  1977  budget 
authority  for  weapons,  and  track  combat  vehicles  was  $1,147,900,000,  of 
this  amount  $982,666,000  was  for  tracked  combat  vehicles  alone. 
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In  the  past  the  Army  has  also  had  its  problems  with  overruns  and  cost 
growth.  In  order  to  improve  its  credibility  with  OSD  and  Congress,  the  Army, 
in  1973,  established  a Cost  Analysis  Directorate  in  the  Office  of  the  Chief  of 
Staff  with  a total  staff  throughout  the  Army  of  over  400  cost  analysis  and  cost 
estimating  professionals.  Of  this  total,  260  professionals  have  been  assigned 
to  the  Development  and  Readiness  Command  (DARCOM)  which  is  responsible 
for  design  and  procurement  of  Army  material. 

The  Cost  Analysis  Program  embraces  the  entire  spectrum  of  considera- 
tions and  resources  needed  to  define  Life  Cycle  Cost  of  a material  system,  i.e., 
tanks,  aircraft,  etc.  Exhibit  D. 7 (developed  by  the  Armv)  identifies  program 
ob|ectives  as  related  to  the  wide  range  of  responsibilities  assigned  to  the  staff 
to  carry  out  program  policy. 

(1)  The  Cost  Analysis  Function  Is  Performed  In  Each  Layer  Of 
Command 

The  Directorate  of  Cost  Analysis  in  the  Office  of  the  Chief  of 
Staff  has  a total  of  36  professionals,  including  six  offices.  The  suc- 
cessive command  layers  also  have  Cost  Analysis  Divisions,  as  shown 
on  Figure  D.29.  In  DARCOM,  there  is  a Cost  Analysis  Division  in 
the  Office  of  the  Commander  and  one  for  each  of  eight  procurement 
Commands.  These  offices  range  in  size  from  10-15  professionals. 
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FIGURE  a 29 

THE  ARMY  COST  ANALYSIS  COMMUNITY 
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(2)  The  Cost  Analysts  Function  Is  To  Provide  To  Management 
Realistic  Cost  Estimates 


According  to  the  Army,  a cost  analyst  is  an  individual  qualified 
through  formal  training  and  work  experiences  to  provide  to  management 
the  most  credible  and  realistic  cost  estimates.  A cost  analyst  is  broad- 
gauged  and  management  oriented.  They  are  multi-disciplined  pro- 
fessionals who  employ  operations  research,  engineering  and  econometric 
techniques  to  prepare,  evaluate  and  validate  cost  estimates.  Their 
primary  interest  is  assuring  that  the  overall  cost  to  the  Government  of 
material  systems,  forces,  units  and  activities  is  presented  in  ways  which 
yield  cost  realism.  A cost  analyst's  product  is  technical  papers  and 
reports  containing  findings  and,  where  appropriate,  recommendations. 

A cost  analyst  is  not  a price  analyst  or  a budget  analyst.  He  is 
not  a requirements  planner.  While  a cost  analyst  is  not  a contract 
price  analyst,  budget  analyst  or  requirements  planner,  he  should  have 
an  understanding  of  these  functions  to  fulfill  his  role. 

(3)  The  Cost  Analysis  Program  Is  Designed  To  Validate  The  Reason- 
ableness Of  Program  Managers  Estimates 

There  are  two  estimates  made  for  each  major  material  acquisition, 
the  Baseline  Cost  Estimate  (BCE)  and  the  Independent  Parametric  Cost 
Estimate  (IPCE). 
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The  Baseline  Cost  Estimate  is  a term  denoting  a com- 
plete, detailed  and  fully  documented  estimate  of 
material  system  life  cycle  costs  accomplished  by  the 
system  proponent  (weapon  system  project  manager).  It 
is  a dynamic  document,  appropriately  refined  and  up- 
dated throughout  the  acquisition  cycle.  It  serves, 
after  review  and  validation,  as  the  principal  cost  esti- 
mate for  that  system.  If  appropriate,  the  Comptroller 
of  the  Army  will  propose  to  ASARC  principals  a pre- 
ferred Army  program  estimate  through  the  mechanisms 
of  the  Army  Cost  Analysis  Paper  (ACAP)  or  Cost  Analysis 
Brief  (CAB).  In  this  event,  the  BCE  may  require  mod- 
ification to  reflect  the  will  of  ASARC  principals  prior 
to  being  recording  in  management  decision  recording 
documents  such  as  the  Decision  Coordinating  Paper  (DCP). 
A BCE  completed  for  ASARQ/DSARC  I (the  decision  to 
allow  a project  to  proceed  from  its  conceptual  phase 
into  validation),  is  known  as  the  Planning  Estimate. 

The  BCE  completed  for  ASARC/DSARC  II  (decision  allow- 
ing a project  to  proceed  into  full  scale  development), 
is  known  as  the  Development  Estimate. 

The  BCE  (including  subsequent  updates)  is  used 
as  — 

a)  The  principal  institutional  source  docu- 
ment for  cost  information  related  to  the 
materiel  system  including  design-to-cost 
goals. 

b)  The  basis  for  projecting  funding  require- 
ments for  acquisition  and  operation  of 
the  materiel  system. 

c)  The  benchmark  (initial  BCE)  and  source 
(updated  BCE's)  for  system  cost  tracing. 

d)  The  basis  for  cost  inputs  to  such  reports 
as  the  Selected  Acquisition  Report  (SAR). 

The  Materiel  Developer  is  responsible  for  devel- 
oping the  initial  BCE  and  for  keeping  it  updated 
as  the  system  progresses  through  its  acquisition 
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phases.  The  Materiel  Developer  is  responsible 
for  including  a Requirements  Specification  as 
part  of  the  BCE  documentation.  The  Require- 
ments Specification  will  be  completed  by  COA 
in  coordination  with  DCSRDA,  DCSOPS,  and 
DCSLOG,*  to  the  fullest  extent  possible. 

- BCE's  reflect  a variety  of  costing  approaches. 

If  the  initial  BCE  is  developed  prior  to  contractor 
involvement  in  the  program,  system  design  will 
not  be  well  defined  and  will  usually  permit  cost- 
ing only  by  parametric  techniques.  As  system 
definition  improves  and  contractor  participation 
increases,  BCE's  reflect  increasing  use  of  detailed 
engineering  cost  estimates.  As  a minimum,  the 
BCE  will  be  updated  for  each  major  decision 
point  (ASARC  milestones  or  I PR  equivalents)  in  the 
acquisition  cycle. 

- Headquarters  Department  of  the  Army  (HQ DA) 
(COA)  provides  overall  guidance  and  direction 
to  the  field  commands  for  estimating  and  report- 
ing baseline  costs. 

The  Independent  Parametric  Cost  Estimate  (IPCE)  is  a 
highly  aggregated  output  (physical  and/or  performance 
parameter)  related  materiel  system  life  cycle  cost  esti- 
mate accomplished  outside  of  the  functional  control  of 
program  proponents. 

- The  IPCE  is  developed  to  test  the  credibility  of 
the  proponent's  Baseline  Cost  Estimate  and  to  pro- 
vide a second  opinion  as  to  the  cost  at  key  de- 
cision points  in  the  acquisition  cycle. 


COA  - Comptroller  of  the  Army 

DCSRDA  - Deputry  Chief  of  Staff  for  Research  Develop- 
ment and  Acquisition 

DCSOPS  - Deputy  Chief  of  Staff  for  Operations  and  Plans 
DCSLOG  - Deputy  Chief  of  Staff  for  Logistics 
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In  addition  to  its  principal  purpose  of  testing 
the  reasonableness  of  the  BCE,  the  IPCE  is  used 
for  exploring  cost  sensitivities  of  the  assumptions 
used  in  the  BCE.  This  includes  such  factors  as 
the  probable  impact  of  technical  failures,  changes 
in  configurations,  schedule  testing  requirements, 
prototype  quantities,  inflation  rates,  and  deploy- 
ment. 

HQ  DA  (COA)  provides  overall  guidance  and 
direction  for  developing  IPCE's  and  performs 
IPCE's  for  selected  materiel  systems. 

IPCE's  reflect  use  of  one  specific  costing  technique, 
that  of  developing  cost  as  a function  of  selected 
system  parameters,  cal  led  variables.  Salient 
characteristics  of  an  IPCE  are: 

a)  It  is  system  output  related,  examining 
cost  in  terms  of  what  is  being  purchased 
and  operated,  such  as  the  physical,  per- 
formance or  operational  characteristics 
of  the  system,  rather  than  in  terms  of 
what  the  funds  are  paying  for  (labor, 
material). 

b)  Its  scope  encompasses  the  total  life  cycle 
of  a system  — the  resources  required  to 
develop,  acquire,  operate  and  support 
the  system. 

c)  It  uses  actual  cost  experience  on  similar, 
earlier  systems  (including  those  of  other 
military  departments  and  commerical 
accounts)  to  the  greatest  extent  applic- 
able through  statistical  conversion  of 
such  experience  to  cost  estimating  rela- 
tionships (CERs)  and  cost  factors.  Non- 
parametric  estimating  methodology  (ana- 
logy, detailed  buildup,  expert  opinion) 
is  used  only  for  those  cost  elements  for 
which  inadequate  data  exists  for  statis- 
tical analysis. 
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d)  It  includes  full  documentation,  so  as  to 
permit  complete  reproduction  of  the  esti- 
mate and  of  the  CER's  and  cost  factors 
used.  It  includes  a Requirements  Speci- 
fication, completed  to  the  maximum 
extent  possible,  as  part  of  the  IPCE  doc- 
umentation . 

e)  It  explores  the  cost  sensitivity  of  critical 
assumptions  and  program  uncertainties. 

Independent  Estimates  utilize  a wide  range  of  methodology. 
This  can  vary  from  an  industrial  engineering  approach  to 
the  use  of  cost  estimating  relationships  and  more  advanced 
parametric  methods.  Usually  systems  in  early  and  mid 
stages  of  development  lend  themselves  to  parametric  esti- 
mating. As  knowledge  and  experience  with  the  system  in- 
creases, the  engineering  type  of  estimates  become  more 
feasible. 


The  purpose  of  an  Independent  Estimate  is  to  pro- 
vide an  unbiased,  second  estimate  of  a system's 
cost  which  can  serve  as  a test  of  reasonableness 
of  the  BCE.  It  provides  management  with  an  im- 
portant tool  for  decision  purposes  at  key  decision 
points. 

In  the  vast  majority  of  cases,  the  Independent 
Estimate  takes  the  form  of  an  IPCE.  The  Inde- 
pendent Estimate  is  made  and  used  by  DARCOM 
for  all  systems  and  decision  points. 


(4)  The  Approach  For  Making  The  BCE  And  IPCE  Are  Substantially 
Different 


Estimates  for  materiel  system  acquisition  costs  are  either  derived 
from  detailed,  grass-root  calculations  (the  industrial  engineering  approach) 
or  based  on  the  relationships  between  more  aggregate  components  of 
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system  cost  and  the  physical  and/or  performance  characteristics  of  the 
system.  These  relationships  should  be  derived  from  cost  histories  on 
prior  programs.  The  latter  method  is  often  called  the  parametric  ap- 
proach. Two  additional  descriptors  have  come  into  common  usage  be- 
cause of  the  clarity  with  which  they  capture  the  essential  differences: 
Bottoms-up  for  the  detailed  industrial  engineering  approach  and  Top- 
down  for  the  parametric  approach. 


Historically,  defense  contractors  have  employed  the 
bottoms-up  approach  in  their  proposal  pricing  and 
planning  purpose  estimates  for  the  Government.  Be- 
cause of  Government  Project  Managers  (PM's)  responsi- 
bilities in  connection  with  defense  contractors,  it  has 
evolved  that  PM  estimates  of  program  costs  mirror  the 
detailed  work  breakdown  structure  (WBS)  associated 
with  contractor  cost  estimates.  Thus  the  PM  estimate, 
described  as  the  Baseline  Cost  Estimate  (BCE),  usually 
reflects  bottoms-up  estimating  methodology. 

The  advent  of  top-down  cost  estimating  methods  brought 
the  opportunity  for  a genuine  cross-check  of  detailed 
bottoms-up  cost  estimates.  The  descriptor,  Independent 
Parametric  Cost  Estimate  (IPCE),  has  been  given  to  those 
estimates  employing  the  top-down  cost  estimating  method- 
ology. 


During  the  early  phases  of  the  acquisition  process  only  limited 
requirements  information  is  available.  The  top-down  approach  is  par- 
ticularly suited  to  making  estimates  based  on  limited  physical  and  per- 
formance information.  The  descriptor  "Cost  and  Operational  Effective- 
ness Analyses"  (COEA)  has  been  given  to  those  cost  effectiveness  studies 
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performed,  principally,  in  the  early  acquisition  phases.  Investment 
phase  costs  of  system  alternatives  evaluated  in  COEA  are  derived  using, 
principally,  the  top-down  cost  estimating  approach. 

For  the  cross-checking  or  validation  process  to  be  productive, 
it  is  necessary  that  a common  ground  be  created  whereupon  differently 
derived  estimates  may  be  compared,  analyzed  and  judged.  A crucial 
criterion  in  the  selection  of  such  a common  ground  is  that  the  WBS 
selection  should  not  preclude  (by  its  inherent  composition)  the  choice 
of  either  top-down  or  bottoms-up  methods.  While  it  is  possible  to 
aggregate  detailed  costs,  it  is  not  possible  to  disaggregate  composite 
costs  any  lower  than  the  level  of  cost  used  in  creating  the  cost  estimating 
relationship.  Thus,  the  common  ground,  as  would  be  reflected  in  a 
WBS  , must  take  into  consideration  perceptions  of  the  general  level  of 
detail  upon  which  cost  estimating  relationships  are  based.  This  is  a 
function  of  the  overall  quality  and  general  structure  of  the  historical 
data  base  and  the  levels  of  cost  aggregation  at  which  cost  analysts 
conventionally  work. 

(5)  The  Army  Has  Developed  A Common  Framework  For  Investment 

Phase  Cost  Estimates 

The  Life  Cycle  Cost  of  materiel  system  is  illustrated  in  Figure 
D.30.  The  pattern  reflected  and  life  cycle  phases  depicted  are  common 
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to  materiel  systems.  An  understanding  of  the  meaning  of  "materiel 
system"  and  a categorization  of  Life  Cycle  Costs  into  Research  and 
Development,  Investment,  and  Operating  and  Support  phases  has  evolved. 
A convention  for  approaching  the  sub-sets  of  each  life  cycle  phase  has 
also  evolved.  This  general  framework  is  designed  for  use  by  both  mana- 
gers and  analysts  at  all  levels  where  cost  analysis  is  performed. 


The  Army  Life  Cycle  Cost  Matrix  for  general  cost  com- 
munication for  all  program  estimates  prepared  by  the 
Army  Is  presented  in  Figure  D.31 . This  common  frame- 
work has  evolved  under  the  following  criteria: 

It  must  be  compatible  with  both  top-down  and 
bottoms-up  cost  estimating  approaches.  The 
framework  must  not,  by  its  composition,  pre- 
clude use  of  either  approach.  It  must  be  com- 
patible with  cost  analysis  policy  and  convention. 

It  must  capture  100  percent  of  costs.  It  must  be 
comprehensive,  but  not  necessarily  detailed. 

- It  must  be  manageable  In  size.  Simplification 

in  level  of  cost  analysis  detail  is  essential. 

The  investment  cost  elements  are  listed  in  Table  D.  16 
with  element  numbers  to  indicate  first  and  second  level 
of  indenture  elements.  The  second  level  elements  sum 
to  the  first  level  investment  cost.  Figure  D. 32. Invest- 
ment Cost  Element  Structure,  shows  the  relationship  of 
the  investment  elements  by  a line  and  block  diagram. 
These  cost  elements  and  definitions  are  common  to  all 
materiel  system  investment  phase  cost  estimates  (e.g., 
BCE's,  IPCE's,  and  cost  estimates  contained  In  COEA's). 
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(6)  The  Same  Life  Cycle  Cost  Matrix  Is  Used  For  Major 
Materiel  Systems 

Figure  D.33  shows  how  the  Life  Cycle  Cost  Matrix  categories 
relate  to  the  column  headings  for  Aircraft  Systems,  Missile  Systems, 
Surface  Vehicle  Systems,  Electronic  Systems  and  Ordnance  Systems. 
Exhibit  D.6  provides  the  generic  definitions  for  the  systems  structure 
categories  listed  in  Figure  D.31  . 

(7)  The  XMl  Battle  Tank  Is  A Good  Example  Of  How  The  Army 

Is  Currently  Attempting  To  Keep  Costs  Within  Pre- Determined 
Limits 

The  process  by  which  the  XM1  battle  tank  is  being  handled  will 
illustrate  the  Army's  current  procurement  procedure.  The  XMl  project 
is  an  outgrowth  of  an  unsuccessful  joint  United  States  and  West  German 
effort  to  develop  a new  main  battle  tank,  the  MBT-70,  for  the  1 970* s . 
The  joint  effort  began  in  1963  and  was  terminated  in  1970  due  to  the 
inability  to  agree  on  key  component  parts.  In  1971,  the  U.S.  Army 
follow-on  program,  the  XM-803,  was  terminated  by  Congress  due  to 
excessive  hardware  costs  of  over  $600,000  per  tank.  The  Army,  in  an 
attempt  to  modernize  its  tanks,  formed  another  main  battle  tank  task 
force  in  1971  designated  as  the  XMl  Tank  System. 

Figure  D. 34  is  a time/phase  diagram  of  the  XMl  program.  The 

4* 

program  has  passed  DSARC  II  and  Chrysler  has  been  selected  as  the 
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FIGURE  D.  31 

ARMY  LIFE  CYCLE  COST  MATRIX 
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TABLE  D.  16 


INVESTMENT  COST  ELEMENTS 

Element 

Number 

Cost  Element 

2.0 

2.01 

2.011 

2.012 

2.013 

2.02 

2.021 

2.022 

2.023 

2.024 

2.025 

2.03 

2.04 

2.05 

2.06 

2.07 

2.08 

2.09 

2.10 

2.11 

Investment  Cost 

Non-Recurring  Investment 

Initial  Production  Facilities  (IPF) 

Industrial  Facilities/Production  Base  Support 
Other  Non-Recurring 

Production 

Manufacturing 

Recurring  Engineering 

Sustaining  Tooling 

Quality  Control 

Other 

Engineering  Changes 

System  Test  and  Evaluation 

Da  ta 

System/ Project  Management 

Operational/Site  Activation 

Training  Services  and  Equipment 

Initial  Spares  and  Repir  Parts 

Transportation 

Other 
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FIGURE  D.32 
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Investment  CosJ  Element  Structure. 
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manufacturer  to  build  14  prototypes.  After  DSARC  III,  scheduled  for 
early  1979,  the  current  plan  is  to  award  Chrysler  the  first  production 
contract  for  110  tanks  in  mid  1979. 

The  XM1  Tank  System  was  mandated  as  "Design-to-Cost"  in 
1972  and  controls  were  written  into  the  contract  so  that  the  Project 
Manager  (PM)  could  monitor  return  cost  data  so  as  not  to  exceed  cost 
goals.  The  PM  is  assisted  by  a staff  professional  engineers  who  track 
the  schedules  and  have  cognizance  of  the  integration  of  the  various 
assemblies  for  the  XM1  . The  life  of  a tank  is  approximately  20  years 
and  it  will  take  about  10  years  to  build  all  the  programmed  XM1  Tank 
Systems.  The  XM1  Tank  System  Project  Office  has  as  its  PM  a Major 
General  and  is  physically  located  in  Warren,  Michigan  close  by  the 
Chrysler  plant,  the  manufacturer  of  the  XM1 . 

Figure  D.35  shows  the  organizational  position  of  XM1  Project 
Office  in  relation  to  the  Army  Chief  of  Staff  and  the  Material  Develop- 
ment and  Readiness  Command  (DARCOM).  Because  of  the  magnitude 
of  this  project,  it  is  directly  under  the  Commander,  DARCOM.  Other 
projects  such  as  Mechanized  Infantry  Combat  Vehicle  (MICV)  and  the 
M-60  Tank  come  under  the  Tank  Automotive  Material  Readiness  Com- 
mand (TARCOM). 
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XMI TANK  PROGRAM  BACKGROUND 
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FIGURE  D-  35 


XM-1  PROJECT  OFFICE  IN  THE  MATERIAL  DEVELOPMENT 
AND  READINESS  COMMAND  (DARCOM) 
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Upon  the  establishment  of  the  project,  a task  force  was  organ- 
ized composed  of  staff  from  the  Project  Manager's  office,  the  Army 
Cost  Analysis  Directorate,  and  the  Army  Development  and  Readi- 
ness Command  to  prepare  a cost  study  of  the  new  tank.  In  1972, 
the  PM  issued  a study  which  provided  a parametric  cost  of  what  the  tank 
should  cost,  based  on  a Research  and  Development  (R&D)  program.  This 
program  was  developed  by  making  a unit  cost  analysis  of  existing  hard- 
ware components  that  could  be  used,  so  the  program  could  go  into  pro- 
duction within  six  years.  Included  in  the  cost  analysis  was  the  impact 
of  a gas  turbine  versus  diesel  engine,  different  suspension  tracks,  and 
different  guns.  The  study  took  approximately  six  months  to  complete, 
which  represented  three  man-years  of  effort. 

The  task  force  received  much  outside  help  from  the  Cost  Informa- 
tion and  Analysis  Branch  within  the  Project  Manager's  Office.  Chrysler 
and  General  Motors  (GM)  also  had  inputs  into  the  task  force  study.  The 
Design-to-Cost  goal  of  the  task  force  for  the  program  was  $507,000 
(in  1972  dollars)  for  each  tank  with  a total  of  3,312  tanks.  This  pro- 
gram cost  was  accepted  by  Congress. 

General  Motors  and  Chrysler  were  given  contracts  to  develop 
two  competitive  prototype  versions  of  the  XM1  Tank.  During  the  advance 
development  phase  the  Army  validated,  both  GM  and  Chrysler  at  three 
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different  times  to  determine  that  their  costs  were  below  the  $507,000 
DTC  thresholds  by  reviewing  detailed  unit  hardware  cost  submissions 
from  the  contractor  based  on  a standard  Work  Breakdown  Structure 
(WBS)  for  the  Main  Battle  Tank,  XM1 . These  validated  costs  were 
given  a detailed  study  by  the  Project  Manager,  corrections  made,  and 
then  became  the  Army  Baseline  Cost  Estimate  (BCE). 

The  Chrysler  version  was  finally  chosen,  but  certain  aspects 
of  the  design  are  still  not  firm.  For  example,  whether  the  gun  will  be 
105  mm  or  120  mm  will  not  be  decided  until  December  1977.  However, 
the  design  is  sufficiently  flexible  to  permit  either  gun  and  the  subsequent 
projectile  stowage  differences.  Both  GM  and  Chrysler  had  the  leeway 
to  change  the  design  within  certain  ranges  for  sixteen  categories  of 
performance,  such  as  fire  power  and  protection,  but  changes  could  not 
cause  deviation  from  three  fixed  criteria  such  as  RAM-D,*  weight,  or 
exceed  the  cost  threshold  of  $507,000  (in  1972  dollars).  It  was  em- 
phatically stated  that  the  competitive  process  between  the  two  com- 
panies has  kept  the  price  down  and  produced  a better  tank. 

In  November  1976,  the  XM-1  completed  the  Defense  Systems 
Acquisition  Review  Council  (DSARC  II)  phase.  The  contractor  de- 
escalates  his  current  year  hardware  estimate  to  72  dollars  to  compare 
to  the  $507,000  threshold  by  the  following  agreed  upon  indexes. 

* Army's  Reliability,  Availability,  Maintainability  and  Durability  Program. 


\ 
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Index  A - BLS-WPI  code  101,  Iron  and  Steel 

Index  B - UAW  Labor  Rates 

Index  C - WPI  Manufacturer  Durable  Goods 

The  XM-1  Project  Management  Division  has  compared  Chrysler's 
inflation  factors  with  those  issued  by  DARCOM  (based  on  DOD  factors) 
and  thus  far  these  factors  have  tracked  very  closely.  Cost  analyses  of 
the  Chrysler/GM  cost  estimates  and  the  Budget  estimates  for  the  XM-1 
were  developed  by  the  Project  Management  (PM)  Division  and  the  bud- 
get number  was  based  on  the  estimate  made  by  the  PM,  not  Chrysler. 

For  the  original  program  procuring  3,312  units  at  an  average  estimated 
cost  of  $507,000  per  unit  the  Chrysler  and  GM  costs  were  always  below 
the  ceiling  estimate  so  the  budget  cost  was  the  Chrysler  estimate  adjusted 
by  the  XM-1  PM. 

In  FY  76  dollars: 

Chrysler  estimate  $621 ,000 

- XM-1  PM  estimate  $681 , 000 

- Ceiling  remains  $755,000  (equal  to $507, 000 
in  72  dollars) 

The  PM  estimators  keep  close  contact  with  the  Chrysler  costs 
as  they  occur  for  the  XM-1 . A "Cost  Performance  Report  (CPR)"  for 
the  R&D  phase  and  a "Budgetary  Cost  Estimate  for  Production  Program" 


D-363 


are  provided  monthly  by  Chrysler  and  the  detailed  breakdwon  of  the 
major  components  indicate  if  the  cost  is  plus  or  minus,  and  if  over  states 
what  is  the  cause,  what  is  being  done  or  will  be  done  to  reduce  costs. 

The  above  cost  information  is  part  of  the  Cost,  Schedule  Control  Systems 
Criteria  (C/SCSC)  which  was  invoked  by  DOD  Instruction  7000.2. 

In  addition  to  the  cost  information,  the  Cost  Estimating  and  Analysis 
Branch  has  access  to  a time-shared  standard  cost  model  program  that 
was  developed  by  the  Air  Force  which  provides  cost  trend  charts  based 
on  the  CPR  monthly  data. 

The  Cost  Estimating  and  Analysis  Branch  has  five  professional 
cost  estimators,  all  college  graduates  with  degrees  as  follows: 

2 Mechanical  Engineers 
1 Business  Administration  Major 
1 Industrial  Engineer 
1 Mathematician 

All  are  classified  by  civil  service  as  Operation  Research  Analysts.  They 
are  GS-13  with  the  exception  of  the  Branch  Head  who  is  a GS-14.  The 
five  average  approximately  30  years  of  age,  with  an  average  of  6-7  years 
as  cost  estimators  and  their  estimating  experience  has  been  for  the  most 
part  with  the  Government. 

The  BCE  developed  by  the  PM  is  being  constantly  validated 
and  all  formal  reports,  Selected  Acquisition  Reports  (SARs),  budget 
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cost  estimates  are  formally  reviewed  by  various  Army  groups  such  as: 


The  Tank  Automotive  Readiness  Command  (TARCOM) 
as  a courtesy  since  the  XM1  PM  reports  directly  to 
the  Commander,  DARCOM.  TARCOM  is  kept  informed 
as  the  XM1  will  come  under  TARCOM  in  1982  when  it 
goes  into  full  production.  (The  M-60  tank,  for  example, 
is  under  cognizance  of  TARCOM.) 

The  Cost  Analysis  Division  in  the  Office  of  the  Comp- 
troller, DARCOM. 

The  Systems  Estimates  Division  located  in  the  Director- 
ate of  Cost  Analysis  in  the  Office  of  the  Comptroller 
of  the  Army  (COA). 

Cost  Analysis  Improvement  Group  (CAIG)  which  will 
review  prior  to  receipt  of  cost  estirra  tes  by  the  Army 
Systems  Acquisition  Review  Council  (ASARC). 


Budget  (POM)  cost  estimates  originate  in  the  Office  of  the  XM1 
Project  Manager.  There  is  a Program  Budget  and  Fiscal  Branch.  This 
group  does  put  the  budget  requirements  together,  but  the  Cost  Informa- 
tion and  Analysis  Branch  is  responsible  for  the  cost  estimates  that  go 
into  the  budget.  The  following  Figure  D.36  illustrates  the  offices 
involved  in  the  review  of  the  budget  cost  estimates. 


The  XM1  Project  Manager  has  an  organization  which  is  unique 
in  the  Army  since  it  provides  its  own  Contracting  Office,  a Cost  Infor- 
mation and  Analysis  Branch,  and  a Program  Budget  and  Fiscal  Branch. 
The  functions  of  these  three  offices  are  performed  normally  by  the  Tank 
Automotive  Material  Readiness  Command  (TARCOM)  on  other  smaller 


D-365 


FIGURE  D.36 

OFFICES  INVOLVED  IN  REVIEW  OF  BUDGET  COST  ESTIMATES 


DCSRDA  - DEPUTY  CHIEF  OF  STAFF  FOR  RESEARCH,  DEVELOPMENT  AND  ACQUISITION 
COA  • COMPTROLLER  OF  THE  ARMY 
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systems.  This  concentration  of  functions  within  the  office  of  the  XM1 
PM  has  no  doubt  contributed  to  the  cost  thresholds  being  maintained. 
Another  favorable  feature  is  that  the  XM1  office  is  physically  located 
in  the  proximity  of  the  Chrysler  XMil  plant  and  offices. 

The  PM  is  of  the  opinion  that  competition  between  GM  and 
Chrysler  has  been  the  main  reason  that  the  $507,000  cost  per  tank 
threshold  has  not  been  exceeded  and  that  a better  tank  has  been  de- 
veloped. To  maintain  competition  now  that  the  contract  has  been 
awarded  Chrysler  for  fourteen  prototypes,  the  Army  has  a Design-to- 
Cost  award  fee  agreement  with  Chrysler.  The  award  fee  of  $7,200,000 
is,  in  effect,  a bonus  that  will  be  paid  Chrysler  in  five  increments  if  the 
target  cost  is  held  down  to  the  cost  threshold  establsihed  by  the  Army. 
The  first  increment  of  10  percent  ($720,000)  scheduled  for  September 
1977  with  other  increments  given  periodically.  The  last  increment  of 
$4,000,000  will  be  paid  when  a contract  (fixed  price  incentive)  for 
the  first  1 10  tanks  is  signed.  The  Army  will  also  go  sole  source  for  the 
second  lot  of  352  tanks. 

They  have  signed  celling  options  for  the  first  and  second  con- 
tracts (i.e.,  110  tanks  and  352  tanks)  and  is  considering  negotiating  a 
ceiling  option  for  the  third  contract. 
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The  following  ore  distinct  steps  to  hold  down  the  casts  for  the 

XM1 : 

. Compeition  during  development 

. Design-To-Cost  Award  Fee  during  prototype  phase 

. Ceiling  options  signed  well  in  advance,  as  the  initial 

production  contract  award  will  be  approximately  mid- 
1979 

The  rallaway  cost  (in  1972  dollars)  af  theXMl  tanks  is  5530,000, 
not  5507,000.  This  is  because  the  Government  (Army)  owns  the  buildings 
and  all  the  machinery  used  to  build  the  XMl's  and  Chrysler  is  , therefore, 
a sub- contractor  who  manages  the  program  for  the  Army.  If  the  tanks 
are  built  in  one  plant  the  Army  would  most  likely  go  sole  source  pro- 
curement for  all  future  XM1  buys,  since  changing  contractors  would 
delay  the  program  approximately  one  year. 

The  Army  has  plans  to  eventually  use  another  plant  to  manufacture 
XMl's;  not  a mirrar  image  of  the  first,  but  close  enough  so  that  another 
company  besides  Chrysler  cauld  take  over  plant  ^2  if  the  situation  war- 
rants it. 


The  principal  cost  review  office  far  the  XM1  Project  Manager 
is  the  Material  Development  and  Readiness  Command  (DARCOM)  Cost 
Analysis  Division  (Figure  D.35).  The  Cost  Analysis  Division's  function 
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is  to: 


. Compare  the  Independent  Parametric  Cost  Estimate 

(IPCE)  generated  outside  the  DARCOM  to  the  Project 
Baseline  Estimate  (BCE)  which  is  generated  by  the 
DARCOM.  IPCEs  for  the  big  five  (one  of  which  is 
Main  Battle  Tank  XM1)  are  provided  by  the  Depart- 
ment of  the  Army  Cost  Analysis  Directorate 

. Review  DARCOM  IPCEs  and  BCEs 

. Direct  DARCOM's  IPCE  effort  (non  big  five) 

. Provide  inflation  guidance 

Basically,  this  Division  is  responsible  for  coordinating  all  cost 
analyses  data  and  factors  relating  to  weapons  system  costing. 

This  group  of  five  people  perform  cost  analyses  for  all  tanks, 
all  electronics,  ammunition  including  containers,  and  vehicles.  It 
does  not  receive  any  assistance  from  private  contractors.  Some  examples 
of  the  Branch  systems  are: 

TRITAC  switch;  a tri-service  communication  system 
. TACFIRE;  a computer  system  for  artillery  fire 

. Bushmaster;  a special  purpose  vehicle 

. MICV;  a mechanized  infantry  combat  vehicle 

. Copperhead;  a laser  guided  projectile 

. SLEEP;  a family  of  silent  lightweight  generators 
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DARCOM  is  actuolly  two  groups  - the  Development  part  com- 
pletely designs  and  procures  equipment ' systems  while  the  Readiness 
group  maintoins  the  equipment  turned  over  to  it  by  the  Development 
Commond.  It  is  similar  to  the  Navy  Ship  Acquisition  Project  Manager 
(SHAPM)  for  new  construction  (Development)  and  the  Navy  Ship  Logistic 
Manager  (SLM)  for  operational  ships  (Readiness)  where  the  SHAPM  buys 
ships  and  the  SLM's  mointains  them  through  their  life  cycles. 

The  Army  cost  model  used  by  the  Department  of  the  Army  Cost 
Directorate  was  discussed.  It  hod  originally  been  developed  by  Mc- 
Donnell-Douglas  for  missiles.  It  has  had  many  chonges  mothemotically, 
but  it  is  still  basically  the  same.  The  present  cost  model  uses  some 
calculated  percentages,  foctors  ond  equotions. 

In  developing  costs,  the  Baseline  Cost  Estimate  during  the  early 
stages  of  development  is  mostly  parametric,  but  as  the  system  opproaches 
engineering  development  it  becomes  more  engineering  estimate  (bottoms- 
up)  oriented  for  equipment  cost.  Most  of  all,  the  other  LCC  cost 
elements  are  derived  porametrically  and  look  pretty  much  the  some  in 
both  estimates. 

The  Cost  Analysis  Division  has  o review  function  in  the  Program 
Objectives  Memorandum  (POM)  cycle.  It  olso  writes  cost  guidelines 
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for  the  Project  Manager  who  prepares  the  Baseline  Cost  Estimate 
(BCE).  This  group  also  reviews  the  BCEs  for  costs  and  compares  them 
with  the  Independent  Parametric  Cost  Estimates  (IPCE)  developed  either 
by  the  DARCOM  or  by  the  Department  of  the  Army  Cost  Directorate 
for  the  Big  Five. 

The  following  observations  were  made: 


For  the  BCE,  the  cost  data  is  hardware  oriented. 

For  the  IPCE,  the  cost  data  is  parametric/historical. 

The  Cost  Analysis  Brief  (CAB)  for  smaller  systems  and 
the  Army  Cost  Analysis  Paper  (A CAP)  for  the  Big  Five 
are  prepared  to  provide  an  in-depth,  comparative  anal- 
ysis of  the  BCE  and  IPCE.  The  CABs  and  ACAPs  are 
provided  the  Army  Systems  Acquisition  Review  Council 
(ASARC),  the  Cost  Analysis  Improvement  Group  (CAIG) 
and  the  Defense  Systems  Acquisition  Review  Council 
(DSARC)  to  aid  in  their  decision-making  process. 

While  BCEs  and  IPCEs  were  being  developed  in  the 
RDT&E  stages,  a source  selection  board  was  set  up  for  • 
the  XM1  Tank  which  was  completely  independent  of  the 
BCE  and  IPCE  groups  and  actually  provided  another 
(third)  cost  estimate. 

The  IPCEs  and  BCEs  are  not  used  in  the  POM  budget 
process.  The  POM  cost  estimates  and  BCEs  are  developed 
by  the  Project  Managers. 


It  was  said  that  the  BCE/I PCE  system  had  problems  at  first,  but 
is  now  a good  system  and,  ruling  out  inflation,  has  provided  cost  esti- 
mates within  eight  to  ten  percent. 
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The  Cost  Analysis  Division  (DARCOM)  has  been  in  the  cost 
estimating/ cost  analysis  phase  for  the  XM1  main  battle  tank  since  its 
inception.  T.iis  Division  and  the  Directorate  of  Cost  Anaysis  people 
developed  the  original  cost  estimate  for  the  XM1  which,  according  to 
the  Division,  has  been  within  five  percent  of  the  incurred  cost.  The 
XM1  is  presently  in  full  scale  engineering  development  and  coming  up 
for  DSARC  III. 

This  Division  also  reviews  the  PO/vy/Budget  estimates  prepared 
by  the  Project  Manager.  In  this  way,  they  have  a total  awareness  of 
the  estimating  process  from  product  development,  budgeting  and  pro- 
duction . 

(8)  Conclusions 

Time  and  contract  scope  did  not  contemplate  a complete  review 
of  the  Army  material  acquisition  procedure.  By  interviewing  the  chain 
for  cost  estimate  development  and  review  of  a major  program,  it  is 
believed  that  the  principle  thrust  of  Army's  effort  to  be  realistic  in  its 
cost  estimates  has  been  captured.  From  this  review  the  following  con- 
clusions have  been  drawn: 

. The  Army  has  made  a massive  effort  to  improve  its 

cost  estimating  ability  since  1972. 
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The  basic  Army  estimating  concept  is  LCC  estimating. 

The  BCE  and  Budget  estimates  draw  heavily  on  contractor 
developed  data  for  investment  costs. 

The  BCE  estimates  prepared  by  Army  personnel  on  new 
systems  are  thoroughly  checked  by  IPCEs. 

Budget  estimates  are  prepared  by  Project  Managers  with 
assistance  from  contractors.  These  estimates  are  checked 
by  cost  analysts  in  the  Comptroller  of  Army  Office. 

The  Comptroller  cost  analysts  are  not  subject  to  pressure 
from  the  Project  Manager  to  tilt  cost  estimates  in  favor 
of  Project  Manager'  goals. 


9.  THE  OSD  COST  ANALYSIS  IMPROVEMENT  GROUP  IS  THE  PRINCIPAL 
ADVISORY  BODY  TO  THE  DSARC  ON  COST  RELATED  MATTERS 

The  Cost  Analysis  Improvement  Group  (CAIG)  in  the  Office  of  the 
Secretary  of  Defense  was  established  in  January  1972  primarily  as  a result  of 
cost  growth  of  weapon  systems  of  a magnitude  of  100  percent  to  200  percent. 
The  CAIG  function  is  to  review  and  interpret  project  managers  and  military 
service  independent  cost  estimates  for  presentation  to  the  Defense  Systems 
Acquisition  Review  Council  (DSARC). 


(1 ) Department  of  Defense  Directive  5000.4  Describes  The 
CAIG  Responsibilities 

The  OSD  Cost  Analysis  Improvement  Group  will  act  as  an  ad- 
visory to  the  DSARC  on  matters  related  to  cost.  Each  member  of  the 
CAIG  shall  represent  those  functional  areas  which  are  in  accord  with 
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the  standing  organizational  role  and  mission  of  his  office.  The  specific 
responsibilities  will  include: 


Providing  the  DSARC  with  a review  and  evaluation  of 
independent  and  program  cost  estimates  prepared  by  the 
Military  Departments  for  presentation  at  each  DSARC. 
These  cost  reviews  shall  consider  all  elements  of  system 
costs,  including  procurement,  operations  and  support  as 
appropriate . 

Establishing  criteria,  standards  and  procedures  concern- 
ing the  preparation  and  presentation  of  cost  estimates  on 
defense  systems  to  the  DSARC  and  CAIG. 

Identifying  to  OSD  functional  offices  and  the  DOD  Com- 
ponents where  efforts  are  needed  to  improve  the  technical 
capability  of  the  DOD  to  make  independent  cost  esti- 
mates ot  all  major  equipment  classes. 

Developing  useful  methods  of  formulating  cost  uncertainty/ 
cost  risk  information  and  introducing  it  into  the  DCP/ 
DSARC  process. 

Working  with  the  DOD  Components  to  determine  what 
costs  are  relevant  for  consideration  as  part  of  the  DCP/ 
DSARC  process  and  developing  techniques  for  identify- 
ing and  projecting  these  costs. 

Developing  and  implementing  policy  to  provide  for  the 
appropriate  collection,  storage  and  exchange  of  infor- 
mation concerning  improved  cost  estimating  procedures, 
methodology  and  data  necessary  for  cost  estimating  be- 
tween OSD  staffs,  all  DOD  Components,  and  outside 
organizations. 

Providing  an  assessment  or  recommendations  to  the  DSARC 
of  all  cost  objectives  prior  to  their  inclusion  in  approved 
DCPs  or  similar  documents  giving  direction  to  a DOD 
Component  for  the  acquisition  of  a major  defense  system. 
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Helping  to  resolve  issues  which  arise  over  the  compara- 
bility and  completeness  of  cost  data  to  be  reported  on 
new  cost  data  collection  systems. 


. Accomplishing  other  tasks  and  specific  studies  as  requested 

by  the  DSARC  principles. 

(2)  The  CAIG  Is  Composed  Of  Senior  Officials  In  OSD  Assisted  By 
A Full  Time  Staff 

The  CAIG  is  composed  of  the  following  as  of  this  writing: 


Chairman 

Office 

Milton  A.  Margolis 

OSD  Members 

PA&E 

George  W.  Sutherland 

Asst.  Dir.,  Systems  Acquisition 
Mgmt . 

ODDR&E 

Charles  Cardiff 

Program  Analyst,  Acquisition 
Mgmt.  Sys. 

OASD(C) 

Jacques  S.  Gansler 

DASD,  Material  Acquisition 

OASD(MRA&L) 

Col.  Joseph  Connolly 

Mi  1 . Asst . to  Dep  AS  D 

OSD  Ad  Hoc  Members 

OASD(MRA&L) 

Nat  M.  Cavallini 

Directorate  for  Resource  Mgmt. 

Service  Members 

OASD(C3l) 

» 

Kirk  Griffing 

Financial  Management 

OASA(FM) 
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OP96D 


Capt.  Ralph  Mason 

Asst.  Cost  Analysis  Advisor 

Col.  K.  M.  Oliver  ACMC 

Chief,  Cost  Analysis  Division 

(3)  The  CAIG  Is  The  Top  Program  Cost  Review  Organization  In 
POD 

Figure  D.37  shows  the  heirarchy  of  program  cost  estimate  review 
starting  with  the  SYSCOMS  being  reviewed  by  OP96D  and  the  final 
review  and  evaluation  by  the  CAIG. 

Figure  D.38  shows  the  process  of  preparation  and  review  of  the 
Program  Managers  Estimate  (Baseline  Estimate)  and  the  Service  Indepen- 
dent Estimate.  In  the  case  of  the  Navy  for  ships,  the  PM  estimate  is 
prepared  by  SEA  01  G in  collaboration  with  the  PM  (SHAPM).  The 
Independent  Estimate  is  prepared  by  OP96D.  The  CAIG  reviews  the 
OP96D  estimate  and  reports  its  findings  to  the  DSARC  for  its  evaluation 
of  the  Project  Manager's  estimate. 

(4)  The  Independent  Cost  Estimates  Are  Parametric  In  Nature  Based 
On  Historical  Data 

The  CAIG  encourages  the  use  of  the  parametric  cost  techniques 
for  the  preparation  of  independent  cost  reviews,  rather  than  the  industrial 
engineering  or  "grass  roots"  estimates  used  in  industry.  The  parametric 
approach  relates  the  actual  historical  cost  of  earlier  weapon  systems  to 
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FIGURE  0.37 

HIERARCHY  OF  PROGRAM  COST  REVIEW 
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NAVSEA  I I NAVAIR  I I NAVELEX  I I NAVFAC 


SEQUENCE  OF 

INDEPENDENT  COST  REVIEW  FOR  DSARCS 
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PROJECT  MANAGER  ^ PROJECT  MANAGER 

PREPARES  ENGINEERING  ESTIMATE  SUMMARIZED 

ESTIMATE  AT  DSARC 


their  performance  characteristics  to  make  statistical  projections  of  the 
most  likely  costs  of  new  weapons.  This  approach  is  intended  to  capture 
the  cost  of  setbacks  and  design  changes  encountered  by  almost  all  pro- 
grams — costs  which  are  not  usually  anticipated  in  an  industrial  engineer- 
ing approach.  These  most  likely  estimates  are  particularly  useful  in 
checking  the  reasonableness  of  the  goals  and  thresholds  used  to  manage 
and  control  weapon  system  acquisition  programs,  as  well  as  to  ensure 
adequate  resources  for  major  systems,  which  are  provided  for  in  the 
Five  Year  Defense  Program. 

Although  independent  analyses  to  date  have  tended  to  concentrate 
on  the  costs  of  acquisition,  recent  reviews  have  begun  to  also  emphasize 
operating  and  support  costs.  The  objective  of  these  estimates  has  been 
to  provide  the  DSARC  principals  with  a perspective  on  the  total  re- 
source impact  of  a given  system  and  to  distinguish  properly  between  the 
costs  of  the  alternative  under  consideration. 

(5)  The  Interview  With  CAIG  Staff  Indicates  Care  In  Their  Selection 
But  Seems  Short  On  Estimating  Experience 

The  CAIG  staff  consists  of  three  civilians  (GS  15s);  one  Navy 

Commander;  two  Navy  Lt.  Commanders;  two  Army  Majors;  and  one  Air 

! 

Force  Major  for  a total  of  nine. . All  members  have  Masters  Degrees  in 
various  fields,  two  specifically  in  Operations  Research  in  Systems 

f ♦ 
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Analysis,  one  member  a Ph.D.  in  Mathematics.  The  naval  officers 
are  1 1 10's  which  means  that  they  are  from  the  Fleet  with  a tour  of  three 
years  with  a possible  extension  of  one  year  at  the  CAIG.  The  Army 
officers  are  from  the  Engineers  Corps.  The  selection  process  for  the 
military  is  very  rigid.  He  must  be  nominated  by  his  service;  interviewed 
by  the  Chairman  of  CAIG,  the  Deputy  Director  of  Resource  Analysis, 
the  Deputy  Director  For  Strategic  Programs  and  the  team  leaders  in  this 
directorate  and  finally  an  interview  by  the  person  the  applicant  would 
work  with  in  the  CAIG.  The  officers  usually  have  not  had  cost  exper- 
ience before  coming  with  the  CAIG  but  have  been  outstanding  students 
and  officers. 

Of  the  staff  of  nine,  only  five  are  full-time  which  would  indi- 
cate that  the  level  of  effort  placed  on  cost  estimate  review  is  being 
done  in  a highly  aggregate  and  approximate  manner.  With  respect  to 
ships,  they  review  estimates  prepared  by  Project  Managers  and  the 
independent  cost  estimate  (ICE)  by  OP96D.  In  a few  cases,  they  make 
their  own  ICE  using  historical  data,  analogs  and  regression  estimates. 

For  example,  they  made  one  on  the  FFG  which  took  about  three  and 
one-half  man-weeks  of  effort.  Contractor  Cost  Data  Reporting  (CCDR) 
requirement  is  starting  to  provide  historical  cost  data  information. 

The  OP96D  Rand  Model,  which  the  CAIG  used  occasionally,  had 
been  updated  in  the  fall  of  1975  to  utilize  the  return  cost  of  ships  on 
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a seven  group  basis.  The  problems  of  using  the  OP96D  Rand  Model  was 
that  it  was  formatted  for  a steam  propulsion  ship  rather  than  nuclear  or 
gas  turbine  and  that  it  could  not  be  used  on  weapon  systems  and  elec- 
tronics. 

It  is  important  to  note  that  the  CAIG  does  not  review  budget 
submissions;  the  same  group  (not  staff)  under  their  regular  organizational 
responsibilities  do.  In  most  cases,  the  CAIG  accepts  the  PM  estimate 
which  is  reviewed  in  an  informal  atmosphere.  CAIG  does  make  an 
effort  to  determine  if  construction  periods  are  reasonable  and  is  well 
aware  of  the  late  delivery  problem  and  impact  on  cost. 

CAIG  considers  GFM  estimates  to  be  the  weakest  link  in  the 
estimating  process  and  suggests  making  it  mandatory  that  the  PARMs 
provide  complete  documentation  to  SEA  01 G when  providing  estimates. 
As  it  is  now,  it  is  impossible  to  track  the  development  of, the  estimate. 

(6)  Even  Though  The  CAIG  Was  Created  As  A Result  Of  Cost 

Overruns,  It  Does  Not  Review  Budget  Submissions 

In  DOD,  the  cost  estimating  process  seems  to  proceed  at  two 
levels.  The  first  level  is  concerned  with  new  programs  that  must  com- 
pete with  one  another  to  accomplish  a mission  on  the  basis  of  perform- 

l 

ance  and  LCC  cost  by  way  of  the  DSARC  process.  This  is  the  stage 

l 
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where  the  CAIG  has  been  performing  its  function.  In  this  process, 
cost  estimates  are  prepared  without  any  specific  regard  for  the  Budget 
process.  It  is  quite  possible  for  a ship  budget  price  to  go  forward  to 
Congress  for  a program  well  in  advance  of  DSARC  II  when  a preliminary 
design  should  be  completed  and  as  a result,  the  SHAPAvV^SEA  01 G 
estimate  is  never  checked  against  an  ICE  prepared  by  OP96D  or  the 
CAIG. 


The  second  level  of  estimates  are  those  prepared  for  the  POM/ 
Budget.  These  are  specifically  reviewed  by  the  prescribed  administra- 
tive layer,  but  are  not  checked  against  an  independent  estimate. 

10.  THE  CENTER  FOR  NAVAL  ANALYSIS  (CNA)  DOES  SHIP  ESTIMATING 
WITH  A 60  ELEMENT  COMPUTER  MODEL 

CNA  does  three  or  four  studies  each  year  as  requested  by  the  Chief  of 
Naval  Operations  (CNO)  or  on  their  own  for  ships  in  the  conceptual  design 
stage.  The  ship  estimating  function  is  presently  a one  and  one-half  man  effort 
made  up  of  the  director  and  part  time  assistance  from  a mathematician.  For  a 
specific  ship/ship  class  they  study  affects  of  systems  such  as  aircraft,  ships, 
missiles  and  provides  cost  for  different  mixes  of  weapons  and  electronics.  The 
cost  estimates/ana lyses  are  used  by  various  CNO  groups  as  an  aid  in  the  selec- 
tion process.  These  cost  estimates  were  not  "budget  quality"  but  are  based  on 
a series  of  math  models.  Inputs  to  the  cost  model  are  performance  specification 
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information  such  as  speed  and  endurance  taken  from  a large  document  titled 
"Code  Ship  - Payload  Shopping  List".  The  Code  Ship  model  has  a baseline 
date  for  material  cost  of  1968.  The  input  for  weapons  and  electronic  costs 
are  provided  by  SEA  01  G.  The  model  prepares  estimates  in  a 60  element  break- 
down and  has  the  ability  to  reflect  the  cost  of  space  requirements  for  the  differ- 
ent "pay  load"  weapon  systems.  It  was  stated  that  CNA  had  accumulated  much 
technical  data,  including  weight  data  from  NAVSEC. 

In  a general  discussion,  the  director  stated  that  CNA  did  not  have  much 
confidence  in  the  "return  cost"  information  as,  in  their  opinion,  these  costs 
included  the  problems  encountered  by  a shipbuilder  that  would  not  necessarily 
be  the  same  as  those  of  another  shipbuilder.  CNA  opinion  is  that  contract  bid 
information  should  be  used  in  lieu  of  return  costs  since  the  expertise  of  many 
ship  cost  estimates  would  be  compiled  and  averaged  resulting  in  more  accurate 
information.  i 

l 

11.  THE  BETHLEHEM  STEEL  CORPORATION  IS  A MAJOR 
SHIPBUILDER  IN  THE  UNITED  STATES 

The  Bethlehem  Steel  Corporation  operates  seven  facilities  in  the  United 
States  and  one  abroad.  Six  facilities  are  primarily  dedicated  to  ship  repair  and 
conversion  and  two  to  ship  construction.  The  largest  and  most  modem  shipyard 
is  located  at  Sparrows  Point,  Maryland.  Currently,  this  facility  is  building  a 
series  of  265,000*DWT  tankers.  In  the  past,  it  has  been  primarily  engaged  in 
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building  large  merchant  ships  - both  tankers  and  dry  cargo.  They  have  also 
built  Naval  auxiliary  type  ships.  The  last  Naval  ships  built  there  were  two 
Ammunition  Ships  (AE)^  the  last  one  commissioned  in  1971 . 

This  shipyard  is  now  doing  about  150  million  dollars  worth  of  work  per 
year  and  has  a total  employment  of  about  4,000  people. 

The  following  report  deals  with  what  the  estimating  requirements  are 
and  how  they  are  met.  It  also  deals  with  the  shipyard's  general  views  on  doing 
business  with  the  Navy  and  what  they  regard  as  "cost  drivers"  in  Naval  ship 
construction. 

(1 ) In  The  Private  Sector  Shipbuilding  Companies  Are  Required  To 

Make  Ship  Construction  Estimates  In  Two  General  Categories 

Private  shipyard  estimating  departments  are  called  upon  to  pre- 
pare rough  estimates  in  response  to  customer  inquiries  and  highly  de- 
tailed estimates  to  respond  to  ship  construction  bids  and  proposals. 

The  preparation  of  these  estimates  is  the  primary  responsibility 
of  the  individual  shipyard's  Chief  Estimator  of  New  Construction. 

Other  shipyard  or  corporate  departments  are  involved  generally  as 
follows: 


Sales  Department 
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The  general  requirement  leading  to  a decision  to  prepare 
an  estimate  originates  in  the  Sales  Department.  The 
decision  to  proceed  considers  factors  such  as: 

Customer  relations 

Can  we  be  competitive? 

Is  it  a follow-on  ship  where  another  shipyard 
has  the  lead  ship? 

Do  we  have  necessary  facilities? 

What  is  the  status  of  present  commitments? 

Is  the  job  attractive? 

Does  it  make  the  best  use  of  manpower? 

Does  the  estimating  staff  have  sufficient  time 
to  prepare  an  adequate  estimate? 

Engineering  Department 

The  Engineering  Department  provides  the  estimate  of 
engineering  costs  but  also  provides  services  to  the  esti- 
mators such  as: 

Prepare  general  comments  on  specifications, 
including  check  on  regulatory  requirements 
(if  not  in-house  design.) 

Purchasing  Department 

The  Purchasing  Department  solicits  quotations  from 
manufacturers,  advises  on  estimates  of  future  escalation 
and  gives  general  pricing  information. 

Planning  Department 

I 

The  Planning  Department  provides  the  building  schedule, 
required  component  lead  times  apd  manpower  requirements 
by  department  and  skills. 
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Accounting  Department 

This  department  provides  a record  of  current  contract 
costs  and  confirmation  of  projected  labor  rates,  labor 
related  costs,  expense  etc. 

Insurance  Department 

Provides  estimate  of  insurance  premiums,  and  the  cost 
of  Payment  and  Performance  Bond,  if  required. 

Production  Departments 

The  Production  Department  is  called  upon  on  an  as 
needed  basis  to  provide  assistance  in  estimating  unusual 
staging  situations,  fire  protection  plans,  unusual  lifting 
requirement,  welding  special  materials.  They  also  re- 
view the  final  estimate  of  manhours  to  discuss  basis, 
special  considerations  etc. 

Legal  Department 

This  group  is  responsible  for  commenting  upon  contract 
provisions  and  to  make  proposed  provisions. 


(2)  The  Estimating  Staff  Is  Located  High  In  The  Corporate  Hierachy 

Figure  D.39  shows  the  position  of  the  estimating  staff  in  relation 
to  high  officials  in  the  Bethlehem  organization.  The  arrangement  places 
the  Chief  Estimator  only  one  layer  from  the  General  Manager  of  the 
shipyard  and  four  layers  from  the  V.P.  Bethlehem  Steel  for  Shipbuild- 
ing. The  Assistant  to  the  V.P.  Shipbuilding  for  Operations  and  Facilities 
is  the  principal  review  office  before  going  to  the  V.P.  for  Shipbuilding. 
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FIGURE  D.39 

BETHLEHEM  STEEL  CO. 
ESTIMATING  ORGANIZATION 


THE  OFFICE  OF  CHIEF  ESTIMATOR  IS  LOCATED  AS  FOLLOWS: 
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(3)  Estimating  Organization 


The  estimating  organization  of  the  Sparrows  Point  Shipyard  is 
comprised  of  20  estimators  organized  along  functional  lines  as  shown 
in  Figure  D.40. 

Bethlehem  Sparrows  Point  Shipyard  has  a total  of  fourteen  (14) 
new  construction  estimators.  Generally  the  new  construction  estimators 
have  specialized  capabilities  such  as  structure,  piping,  electrical, 
coatings,  and  various  outfitting  and  machinery  jobs.  These  new  con- 
struction estimators  also  support  and  work  on  change  estimates  and 
Industrial  Sales. 

Bethlehem  has  two  (2)  change  estimators.  Recently  they  have 
been  successful  in  pricing  many  changes  on  commerical  work  early  in 
the  contract  period  based  on  new  construction  estimating  methods. 

This  has  been  reducing  the  customary  effort  usually  spent  on  changes, 
but  there  are  always  enough  work  to  keep  the  change  estimators  busy. 

The  Estimating  Department  has  three  (3)  people  that  compare 
the  material  budgets  with  actual  material  costs  and  provide  manage- 
ment with  predicted  final  material  costs.  A member  of  this  group  is 
a specialist  on  labor  rate  calculations. 
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FIGURE  D.40 

BETHLEHEM  STEEL  CO. 
PLACEMENT  OF 
ESTIMATING  ORGANIZATION 
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Resources  used  by  these  organizations  are  as  follows: 


Personnel 

At  Bethlehem  Sparrows  Point,  the  estimators  have  an 
average  of  19  years  experience  as  estimators  and  29 
years  shipyard  experience  including  estimating.  The 
educational  level  is  high  school,  shipyard  apprentice 
training,  and  some  college. 

The  shipyard  management  feel  strongly  that,  for  the 
type  of  estimating  they  do,  men  with  ship  production 
experience  are  the  best. 

The  estimating  department  offers  a career  ladder  as 
attractive  as  any  other  vocation  in  the  shipyard.  Sev- 
eral shipyard  managers  have  arrived  at  that  position 
through  estimating  assignments. 

Cost  data 

The  primary  and  by  far  most  important  source  of  data 
for  making  ship  construction  estimates  is  return  costs. 

The  return  costs  are  gathered  by  Job  Numbers.  Each 
Job  Number  will  gather  manhours  by  department  and 
by  craft.  Each  Job  Number  embraces  a discrete  work 
package.  For  example,  steel  work  which  is  Job  No. 

12,  will  be  broken  down  into  subdivision  such  as  Job 
No.  129-5  (Innerbottoms),  129-9  (Bilge  Unit)  and  so 
forth.  This  is  done  for  all  the  other  systems  in  the 
ship.  With  return  cost  recorded  in  this  manner,  accur- 
ate "will  cost"  estimates  can  be  prepared  for  manage- 
ment review.  Vendors  quotations  are  used  extensively 
to  prepare  bid  estimates 

Technicol  data  (product  definition) 

This  material  is  usually  provided  by  the  prospective  pur- 
chaser in  the  form  of  bidding  plans  and  specifications  or 
from  the  shipyards  own  engineering  department  when  the 
prospective  owner  is  buying  a Bethlehem  design  such 
as  the  265,000  DWT  tankers. 
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(4)  The  Estimating  Procedure  Depends  On  The  Purpose  Of  The 
Estimate,  Product  Definition  And  Time 


The  following  description  of  the  estimating  process  is  an  edited 
version  of  a description  provided  by  Bethlehem. 


Type  of  new  construction  estimates 

Budget,  order-of-magnitude  or  sometimes  referred  to 
as  "quick  and  dirty"  prices  are  generally  called 
"approximate  estimates".  Usually  the  owner  is  only 
looking  for  a price  range.  Normally,  insufficient 
data  is  available  to  support  a firm  price. 

- Generally  these  budget  estimates  require  the 
basic  design  group  (Central  Technical  Division) 
to  prepare  an  outline  specification.  This  con- 
sists of  a page  of  general  characteristics,  and 
an  outline  sketch  of  the  vessel  with  approxi- 
mate weights. 

- The  effort  spent  on  budget  estimates  varies  with 
the  type  of  ship.  If  similar  to  other  ships  built 
or  estimated,  adjustments  for  type  and  size  are 
made  to  suit  present  day  pricing  and  conditions. 
This  type  of  estimate  can  require  as  little  as 

15  minutes,  as  in  the  case  of  a rough  price  for . 
a duplicate  ship,  or  up  to  a couple  of  weeks 
including  basic  design  and  planning  effort. 

Firm  bid  pricing  which  is  usually  supported  by  what  is 
called  a "Detailed  Estimate". 

This  type  of  estimating  represents  the  major  effort  of 
the  Department,  and  the  following  detail  is  directed 
to  such  an  estimate. 

What  bidding  information  do  the  estimators  get 
to  work  with?  In  the  case  of  a Bethlehem  design 
such  as  a tanker,  about  250  pages  of  specifica- 
tions and  four  (4)  contract  plans  are  available. 
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A recent  cargo  ship  bid  package  designed  by  a 
private  naval  architect  consisted  of  over  1000 
pages  of  specifications,  four  (4)  contract  plans, 
seventy  (70)  contract  guidance  plans  and  other 
supporting  information. 

A Navy  drydock  recently  bid  for  and  awarded  to 
Bethlehem  consisted  of  about  750  pages  of  speci- 
fications and  about  25  contract  plans. 

A Navy  oiler  will  consist  of  about  1200  pages  of 
specifications  and  about  50  contract  and  contract 
guidance  plans. 

The  invitation  to  bid  may  vary  from  a one  (1) 
page  letter  as  in  the  case  of  some  commerical  bids 
to  150  pages  of  invitation  to  bid  and  attachments 
as  in  the  case  of  the  Navy  drydock. 

The  Navy  now  provides  as  part  of  *he  bidding 
documents  a Contract  Data  Requirements  List 
known  in  its  abbreviated  form  as  CDRL.  This 
lists  all  the  "software"  requirements  listed  in 
the  specifications  along  with  frequency  of  issue, 
distribution,  etc.  for  such  things  as  - 

Construction  schedules 

Production  progress  reports 

Provisioning  Technical  Documentation 

Photographs 

Fire  Protection  Plan 

Welders  Qualification  Certification 

All  Drawings 

Weight  Estimates 

Test  Procedures 

These  items  may  require  separate  pricing: 

The  Navy  also  provides  a Data  Item  Description, 
known  in  its  abbreviated  form  as  DID.  This  lists 
the  detailed  requirement  of  items  covered  in  the 
CDRL. 
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The  amount  of  time  required  to  prepare  a de- 
tailed estimate  can  be  generalized  as  follows: 

MarAd  type  construction  6-8  weeks 
Naval  auxiliary  type  8—10  weeks 

This  would  also  include  special  ships 
such  as  a dredge  or  LNG . In  the  case  of  a 
dredge  or  LNG  additional  time  is  required 
by  the  subcontractors  quoting  on  special  equip- 
ment. 


Naval  combatant  type  13-  17  weeks 

During  this  period  almost  all  of  the  estimating  staff  would  be  working 
on  the  project  plus  five  to  ten  people  from  the  Engineering  Department. 
Subcontractors  and  major  suppliers  of  equipment  require  up  to  three  (3) 
weeks  to  provide  firm  prices.  To  illustrate  the  level  of  effort,  it  cost 
Bethlehem  $600,000  to  bid  on  the  AO  177. 


The  following  estimates  were  prepared  at  Sparrows  Point 
in  the  past  year  (1976) 

There  were  18  detailed  estimates  prepared: 

1 hopper  dredge 
1 all  container  ship 
1 bulk/container/Ro-Ro  ship 
1 chemical  tanker 
7 tankers 

1 combination  ore/oil  ship 
3 drydocks 

1 sulphur  carrier  forebody 

2 barges  of  different  types 

There  were  15  approximate  estimates  prepared: 
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2 segregated  ballast  tankers,  different  sizes 

1 combination  ore/oil  carrier 

2 barges  of  different  types 

2 chemical  tankers  of  different  sizes 
1 OBO  forebody 

6 different  cargo  or  bulk  carrier  types 

In  addition  hundreds  of  special  estimates  and  about 
100  change  estimates  were  prepared  during  the  year. 


(5)  Bethlehem  Estimating  Procedure  Is  Characterized  By  Detail  And 
Dependency  On  Return  Cost  Records 


Estimates  are  prepared  in  accordance  with  Bethlehem's  Job  Number 
System.  Material  cost  is  accummulatea  by  three  (3)  digit  account  num- 
ber and  actual  return  labor  hours  are  accummulated  by  Department,  by 
item  number,  as  well  as  job  number.  This  job  number  has  the  flexibility 
of  being  used  for  almost  any  type  of  ship.  It  has  been  used  in  estimating 
and  accumulating  costs  for  Naval  ships  as  well  as  all  types  of  commercial 
ships.  The  job  number  breakdown  provides  information  from  return  costs 
enabling  the  estimator  to  apply  costs  at  the  various  stages  of  construction. 


The  estimator  concerns  himself  with  weights,  quantities  of  material 
required,  present  day  material  costs,  and  actual  manhours  to  do  the  job 
or  jobs  as  described  by  the  job  number  book. 


The  first  step  in  the  estimating  process  is  to  solicit  vendor 
quotations.  From  the  specifications,  general  clauses  are 
prepared  to  be  attached  to  all  vendor  and  subcontractor 
inquiries.  They  include  general  particulars  such  as: 


D-394 


Standards  of  workmanship 
Regulatory  body  requirements 
Noise  and  vibration  requirements 
- Spare  part  requirements 

Instruction  book  requirements 
Guarantee  or  warranty  requirements 

The  estimator  generally  takes  off  the  material  quantities 
and  prepares  the  inquiry  for  purchased  items.  This 
assists  the  estimator  in  understanding  the  magnitude  of 
the  Job  and  helps  him  in  assessing  labor  while  waiting 
for  price  information.  Inquiries  for  purchased  items 
include: 


List  of  quantities  required 
Applicable  specifications  and  plans 
General  clauses 

Quotations  when  received  are  analyzed  for  price,  de- 
livery, conformance  with  specifications  quarantees, 
engineering  features,  freight  allowances,  etc.  Where 
information  is  not  available  from  bidding  plans  and 
specifications,  the  estimator  must  layout  or  estimate 
by  comparison  from  previous  ships  built  for  which  he 
has  returned  cost  information. 

In  order  to  develop  the  actual  estimate,  the  estimator 
is  responsible  for  preparing  and  maintaining  a record 
"Returned  Costs"  from  ships  previously  built.  The 
estimator  also  determines  the  actual  quantities  from 
the  working  plans  of  ship  built.  These  quantities  are 
used  in  developing  estimating  material  and  labor 
factors  for  each  item  or  job  as  the  case  may  be.  Re- 
turn costs  help  the  estimator  to  develop: 

Net  to  gross  ratios 

- Unit  costs  of  items  not  normally  sent  on  inquiry 

Cost  items  that  represent  miscellaneous  type 
materials  for  each  job 

Unusual  items  of  cost  that  may  or  may  not  be 
considered  on  future  estimates 
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To  separate  fixed  charge  type  items 

To  make  comparisons  with  previous  cost  infor- 
mation to  establish  trends,  learning  curves,  new 
requirements 

Prepare  unit  rates  for  estimating 

Returned  cost  information  is  recorded  not  only  on  ships 
built,  but  on  ships  being  built.  Information  is  thus  re- 
ceived which  compares  hulls  under  construction  to  hulls 
completed  at  similar  points  of  completion.  The  import- 
ance of  returned  costs  cannot  be  emphasized  enough. 

In  the  case  of  a new  item  where  factors  are  not  avail- 
able from  returned  costs  the  estimator  would  probably 
approach  the  job  on  a number  of  basis.  The  estimators 
would  first  endeaver  to  apply  any  parts  of  returned 
costs  from  various  ships  to  similar  parts  of  the  estimate 
under  preparation.  He  would  also  estimate  under  pre- 
paration. He  would  also  estimate  on  the  basis  of  the 
number  of  men  and  length  of  time  required  to  accomplish 
the  work.  Additionally,  the  estimator  would  seek  any 
available  total  cost  for  systems  used  in  other  ships  of 
different  types  where  a valid  comparison  exists. 

The  estimate  is  then  done  by  job  number  using  quotations, 
given  quantities  and  labor  and  material  factor  developed 
from  return  costs.  The  results  are  then  presented  in  a 
summary.  Each  job  number  or  group  of  job  numbers  is 
totaled  showing  weight,  material  dollars  and  labor 
hours.  Reference  to  price  source  and  other  pertinent 
information  is  noted. 

Job  number  totals  are  then  carried  to  the  Hull  and  Mach- 
inery Summaries  and  totaled.  This  is  then  summarized 
on  a sheet  called  Summary  of  Material  and  Hours,  which 
includes  these  elements: 

General  characteristics  are  noted 

Total  weight  is  estimated  and  comparison  with 
the  design  agent  information  shown 

Weight,  material,  and  labor  hour  factors  shown 
here  are  used  in  overall  checking,  to  establish 
and  provide  a ready  basis  for  budget  estimates 

i 


D-396 


Fixed  charges  or  non-reoccurring  items  are 
added 

Unusual  items  or  special  considerations  are  added 

Adjustments  are  made  for  following  ships  as  neces- 
sary 

Material  listed  on  this  sheet  generally  represents 
a particular  base  month  and  this  is  so  noted 

- Finally  an  allowance  would  be  made  for  a learn- 
ing curve  or  drop  curve.  Years  ago  significant 
drop  curves  were  provided  for  but  for  the  last 
several  years  experience  has  not  supported  the 
existance  of  drop  curves  for  ships  under  construc- 
tion and  for  those  now  being  bid  for. 

Another  less  detailed  estimate  summary  is  made  which 
includes  the  following  elements 

- Base  month  price 

A less  complicated  estimate  summary  to  prepare 
would  be  that  for  a base  month.  The  following 
is  noted: 

Material  is  broken  dowm  into  items  that 
lend  themselves  to  the  application  of 
escalation.  , 

Labor  rate  is  applied  using  a rate  that 
should  represent  the  base  month.  Usu- 
ally normal  rates  and  overtime/shiftwork 
rates  are  shown . 

Expense  rate  based  on  the  value  for  the 
construction  period  applicable  to  the  par- 
ticular estimate  (considering  the  yard 
■ force  that  is  anticiapted  to  exist  at  the 
time  this  construction  would  be  occurring). 
Ejqaense  dollars  are  developed  by  the  ship*? 
yard  with  corporate  Accounting  Department 
assistance.  The  yard  force  that  .Is  antici- 
pated to  exist  is  developed  by  the  shipyard 
with  corporate  assistance. 


D-397 


Generally  the  Owner  requests  a delivered  cost 
as  well  as  the  base  month  cost. 

Labor  rates  - (for  either  base  month  or  to  suit 
delivery  schedule.) 

Periodic  rate  projections  are  provided  by  the 
home  office  with  current  information  consisting 
of  the  following: 

The  Accounting  Department  record  of 
the  actual  rate  which  is  compared  with 
latest  projection. 

Each  estimate  is  weighted  by  shipyard 
divisions  in  establishing  the  total  rate 
to  be  applied  for  each  estimate.  Divi- 
sions are  structural,  machinery/outfitting, 
material/service  and  loft/optical . 

Each  element  of  rate  is  reviewed  for 
each  estimate  revised  to  sjit  conditions 
such  as  - 

Will  additional  overtime  or  shift 
work  be  more  or  less? 

Is  there  any  indication  of  base  rate 
creep?  i.e.,  laying  off-keeping 
high  paid  workers 

Was  the  effect  of  the  labor  agree- 
ment assessed  properly? 

Are  incentive  payments  following 
past  trends? 

Delivered  price  or  combinations 
Material 

Steel:  percent  applied  based  on  best 
judgment  of  Estimating  Department, 
General  Manager's  Office  and  Vice 
President's  Office 
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Engineering:  rate  is  escalated  similar  to 
yard  rate 

Fixed  Items:  these  items  would  not  be 
escalated  provided  they  meet  the  re- 
quired delivery  schedule 

Other  Quoted  Material:  If  vendor  quoted 
to  a different  delivery  schedule  or  ex- 
pressed his  escalation  conditions,  escala- 
tion then  must  be  calculated  as  necessary 

All  Other  Material:  percent  applied  based 
on  best  judgment  of  Estimating  and  Pur- 
chasing at  the  time 

Centroids  for  material  are  established 
based  on  historical  information 

On  Navy  work  further  escalation  compensation 
is  necessary  due  to  - 

Navy  escalation  clause  mandated  percent 
subject  to  escalation  is  usually  too  low 

Navy  formula  provides  for  no  profit  on 
escalation 

NAVSEA  indices  are  not  currently  weighted 
properly  to  suit  most  ship  construction 

The  final  estimate  as  prepared  by  Bethlehem  reflect  actual 
cost,  past  and  current,  and  present  to  management  a cost 
platform  from  which  a bid  can  be  based.  The  Chief 
Estimator  presents  his  estimate  to  the  Assistant  General 
Manager.  From  there  it  is  reviewed  by  the  yard  General 
Manager  and  is  sent  to  the  corporate  office  for  pricing. 

The  pricing  is  done  by  the  Vice  President's  Office. 

Pricing  involves  adjusting  the  "will  cost"  estimate  for 
overhead  rate,  profit,  market  anchor  other  margins  for 
such  risks  which  are  not  compensated  for  by  escalation, 
etc. 
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(6)  There  Are  A Number  Of  Special  Considerations  That  Affect 
Bethlehem's  Estimates 


Inflation  escalation 

Estimating  allowances  for  inflation,  in  the  sense  that  it 
measures  cost  growth  from  time  the  cost  factors  are  con- 
sidered in  the  estimate  to  the  estimated  time  of  award, 
are  minimized  by  using  vendor  quotations  and  knowledge 
of  their  own  future  labor  costs  in  accordance  with  their 
union  agreement.  Some  judgmental  consideration,  how- 
ever, must  be  made  regarding  overhead,  or  any  pending 
legislative  action  that  may  affect  cost. 

Escalation  during  the  construction  period  is  treated  in 
two  parts.  First  is  the  portion  of  escalation  that  manage- 
ment believes  will  be  covered  by  contract  provisions. 

The  second  consideration  is  to  calculate  a margin  to  take 
care  of  cost  escalation  that  will  not  be  covered  by  the 
contract.  Bethlehem  believes  the  current  Navy  index 
should  be  revised  by  BLS  (Ref.  recent  letter  from  MarAd 
to  BLS)  to  reflect  fringes  in  labor  cost. 

Form  of  contract 

Each  form  of  contract  is  very  carefully  analyzed  with 
respect  to  terms  and  provisions  that  involve  risk  and  cost. 

Considering  the  types  of  contracts  currently  being  used, 
a contract  made  with  a private  customer  without  govern- 
ment involvement  is  most  advantageous.  The  private 
contract  can  include  a substantial  down  payment  at  con- 
tract signing  and  almost  total  protection  for  labor  and 
material  cost  increases  during  the  construction  period. 

The  second  contract  preference  is  the  MarAd  contract 
form  and  lastly  the  Navy  form  of  contract. 

Doing  business  with  Navy 

Doing  business  with  the  Navy  involves  special  risks  not 
found  in  commercial  or  other  government  work.  First, 


D-400 


the  Navy  contracts  offer  protection  for  about  two-thirds 
of  expected  escalation.  Second,  there  is  a need  for 
proper  appreciation  of  the  requirements  of  business  by 
Navy  top  management.  Third,  the  risk  involved  in 
interpreting  Navy  and  Mil  specifi cations. 

. Social  legislation  (OSHA,  EPA,  EEO  Longshoremen's 

and  Harbor  Worker's  Compensation  Act) 

Bethlehem  believes  OSHA  costs  about  one  percent  or 
$1,000,000  on  a $100,000,000  ship.  The  added  ex- 
pense for  these  requirements  is  reflected  in  direct  costs, 
increased  overhead  and  lower  productivity. 

. Amortization  of  capital  improvements 

In  general,  Bethlehem  believes,  like  most  industry,  that 
capital  improvements  should  be  paid  out  over  a relatively 
short  time,  depending  on  the  nature  of  the  investment. 

. Productivity  loss 

The  Bethlehem  experience  with  steel  trade  labor  producti- 
vty  during  recent  year  has  been  about  three  percent  per 
year  in  spite  of  the  introduction  of  labor  saving  facilities. 
A correlation  was  found  between  productivity  and  the 
percentage  of  first  class  workers  to  second  class  and  third 
class.  When  the  percent  of  first  class  workers  increases 
productivity  increases.  Productivity  for  outfitting  and 
machinery  trades  has  not  been  similarily  affected. 

Profit 

The  assignment  of  profit  to  bids  is  a top  management  de- 
cision that  entails  consideration  of  market  condition,  yard 
workload,  ship  type,  etc. 

(7)  Indentifi cation  Of  Principal  Cost  Drivers  In  Naval  Ship  Construc- 

tion 


Bethlehem  believes  the  principal  cost  drivers  rest  with  the  Navy's 


contracting  procedure  and  the  specifications,  with  particular  reference  to 
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numerous  Mil  Specs.  The  contracting  procedures  are  such  that  the 
Navy  tries  to  get  ships  for  bargain  prices  by  making  the  award  to 
the  low  bidder  whether  capable  or  not.  This  very  often  leads  to 
delay,  disputes  and  claims. 

12.  NATIONAL  STEEL  AND  SHIPBUILDING  COMPANY  IS  A NEWER 
MAJOR  SHIPBUILDER 

National  Steel  and  Shipbuilding  Company  (NASSCO)  is  a relatively 
new  shipyard  in  the  large  ship  construction  field.  Since  1970,  NASSCO  has 
built  numerous  subsidized  cargo  ships.  Naval  auxiliary  ships,  LSTs  and  tankers. 
Currently  (August  1977)  it  has  seven  tankers  under  contract  and  two  destroyer 
tenders  (AD41  - 42).  (The  AD  43  was  awarded  to  NASSCO  in  October  1977.) 

NASSCO  is  currently  doing  about  150  million  dollars  worth  of  work 
per  year  and  employs  approximately  6,500  people. 

(1)  An  Interview  With  The  General  Manager,  Sets  The  Tone  For 
NASSCO's  Views  On  Navy  Shipbuilding 

According  to  him  it  would  be  impossible  for  the  Navy  to  estimate 
ship  construction  costs  four  to  five  years  in  advance  of  construction  be- 
cause the  ship  is  not  well  enough  defined.  For  example,  on  the  AD  43 
for  which  they  are  currently  bidding,  the  RFP  is  late  due  to  spec  changes 
and  a modification  (MOD  1)  has  already  been  issued  (700  pages).  In 
addition,  another  300  page  Instruction  has  been  issued.  He  understands 
MOD  2 is  underway.  On  AD  41  and  42  changes  are  already  $4  million 
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and  progress  is  less  then  five  percent  (January  1977).  The  contract 
price  is  about  $300  million. 

Concerning  the  current  escalation  provision  in  Navy  contracts, 
the  General  Manager  consider  the  material  index  and  labor  index  to 
be  fairly  adequate,  but  wholely  inadequate  for  labor  fringes,  i.e., 
social  security,  unemployment  insurance,  health  benefits,  etc.  The 
opinion  was  expressed  that  overhead  should  be  escalated  by  some  per- 
centage of  the  BLS  labor  index  - like  1 10  - 120  percent,  to  be  adjusted 
annually.  He  also  feels  that  the  100  percent  of  overhead  should  be 
subject  to  escalation  instead  of  75  percent,  which  is  the  current  practice. 

Regarding  capital  improvements,  the  study  "Profit  *76"  is  con- 
sidered to  be  inadequate.  National  Steel  philosophy  is  to  pay  out  a fa- 
cility cost  by  work  under  contract  so  that  there  is  no  risk.  This  way, 
after  the  contracts  are  complete  the  improvements  are  paid  for  and  they 
will  enhance  their  profit  position  on  future  work. 

The  General  Manager  went  into  the  NASSCO  bidding  process. 

The  estimating  department  makes  an  estimate  giving  manhours  and 
material  cost  as  of  a certain  date  (or  month).  This  is  then  reviewed  by  a 
Management  Committee,  chaired  by  the  General  Manager  which  decides  the 
labor  rate,  overhead,  escalation  and  profit.  It  is  understood  that  the  staff 
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prepares  material  on  these  factors  for  committee  use.  Before  a bid 
can  be  made,  stockholder  approval  is  required  from  Kaiser  and  Morrison 
Knutsen,  the  parent  companies,  for  everything  over  $10,000,000. 

The  General  Manager  considers  the  continual  flow  of  changes  and  the 
mountain  of  paper  work  to  be  a major  cost  driver. 

(2)  The  Requirements  For  Preparing  Ship  Construction  Cost  Estimates 

The  visit  to  NA5SCO  included  the  following  review  of  estima- 
ting procedures,  organizational  structure,  and  cost  drivers. 


Estimating  Department 

The  Estimating  Department  is  responsible  for  preparing 
all  ship  construction  estimates  and  changes.  They  have 
a separate  ship  repair  estimating  group.  The  Estimating 
Department  is  now  spending  about  50  percent  of  its  effort 
budgeting  time  and  material  for  a cost  and  production 
control  system  being  developed  to  implement  DOD  Inst. 
7000.2.  This  is  up  from  10-15  percent  several  months 
earlier  (September  1976).  The  current  distribution  of 
work  in  the  Estimating  Department  is: 

- Labor  and  material  budgeting  for  DOD  Inst. 
7000.2  - 50  percent.  This  is  done  by  the  esti- 
mators with  a production  background 

Changes  under  the  contract  - 25  percent 

- New  construction  estimates,  make  or  buy 
determinations  along  with  industrial  sales 
estimate  - 25  percent 

For  a new  commerical  ship  construction  they  will  spend 
from  6,000  to  10,000  manhours  on  bid  estimates.  This 
will  usually  involve  15  people  over  a three  month  per- 
iod, including  about  five  engineers.  For  an  AD,  about 
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twice  the  effort  is  required.  The  Estimating  Department 
also  will  send  out  about  1,200  requests  for  vendor  quotes 
on  material  and  subcontract  services  for  a Navy  proposal. 

. Engineering  Department 

The  services  of  the  Engineering  Department  is  essential 
to  good  estimating.  They  develop  design  criteria  for 
pipe  and  cable  sizes  needed  for  accurate  material  take- 
off. They  assist  in  the  compilation  of  bills  of  material 
and  review  vendor  quotes  for  compliance  and  complete- 
ness. 

. Accounting  Department 

The  Accounting  Department  develops  criteria  for  over- 
head and  labor  rates. 

. Planning  Department 

The  Planning  Department  develops  a detailed  construc- 
tion schedule  which  includes  an  overall  manpower  dis- 
tribution schedule  showing  the  proposed  work  impact 
on  current  work.  This  is  generally  done  for  each  labor 
skill  on  a Navy  proposal.  The  Accounting  Department 
uses  this  material  to  help  determine  what  the  overhead 
might  be  and  the  labor  rates  to  use. 

(3)  Position  Of  The  Estimating  Staff  In  The  Corporate  Hierarchy 

Organizationally,  the  Chief  Estimator  is  only  one  level  removed 
from  the  Executive  Vice  President  and  General  Manager.  All  his  work 
goes  through  the  Director,  Operations  and  Planning.  The  final  estimates 
are  prepared  after  the  Management  Committee  (see  General  Manager's 
interview)  has  determined  labor  rate,  overhead,  escalations  and  profit. 
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(4)  The  Cost  Estimating  Function  At  NASSCO  Emphasize  Personnel 
With  Practical  Experience  And  Reliance  On  Return  Cost  Data 


One  of  the  major  resources  for  cost  estimating  is  personnel  with 
practical  experience.  The  second  is  an  accurate  and  timely  system  for 
reporting  return  costs  in  a manner  useful  for  cost  estimating  and  pro- 
duction control. 


The  estimating  staff  of  this  shipyard  is  relatively  young, 
almost  all  under  40.  The  Chief  Estimator  is  only  34, 
with  about  nine  years  of  estimating  experience.  NAS- 
SCO feels  very  strongly  that  its  estimators  should  have 
an  engineering  background,  with  emphasis  on  design. 

They  do  not  consider  theoretical  engineering  to  be  as 
relevant  as  design  to  the  type  of  estimating  they  do. 

Figure  D.41  shows  the  internal  organization  and  staff- 
ing of  the  Estimating  Department.  This  shows  four 
sections.  Labor  Budgets,  New  Bid  Proposals,  Hull  Steel 
and  Outfitting,  New  Bid  Proposals  Mechanical  and 
Electrical  and  new  construction  change  orders.  The 
general  education  and  experience  of  staff  follows: 

- Chief  Estimator  (1) 

Age:  34 

Education:  4 years  training;  Associate  Degree 
in  mathematics;  lacks  16  credits  for  BS  in  finance. 
Experience:  About  five  years  In  engineering  as 
a designer  (not  prof,  engineer);  ten  years  in 
estimating  of  which  six  were  as  a supervisor. 

Estimator  Supervisors  (5) 

Age:  38-40,  one  52 

Education:  three  have  college  degrees  in  engi- 
neering; two  have  only  high  school  plus  some 
vocational  school. 

Experience:  have  about  eight  years  in  engineer- 
ing; also  have  a minimum  of  three  years  in  esti- 
mating, six  years  maximum. 
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FIGURE  D.41 

NASSCO  ESTIMATING  DEPARTMENT  ORGANIZATION 
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Senior  Estimators  (11) 


Education:  high  school  plus  some  commerical 
college  training 

Experience:  minimum  of  five  years  engineering; 
estimating  experience  is  two-four  years 

- Estimators  and  Jr.  Estimators  (8) 

Education:  high  school 

Experience:  engineering  three  years;  production 
four-five  years. 

Oast  data  is  developed  in  a variety  of  ways  described 
briefly  below. 

Returned  Costs 

For  its  data  bank,  NASSCO  relies  most  heavily 
on  returned  costs  from  both  finished  work  and 
ongoing  work.  They  collect  returned  costs  by 
process  in  the  same  manner  as  they  build  the  ship 
The  cost  record  for  the  steel  is  broken  down  to 
identify  fabrication,  assembly,  and  erection  for 
decks,  bulkheads,  stiffened  units,  bow  and  stem. 
For  piping,  they  record  returned  costs  by  system 
for  work  done  in  the  shop  and  on  board  ship. 

Product  definition  is  regarded  as  being  of  paramount 
importance  to  accurate  estimating. 

- Engineering  Office 

The  engineers  are  used  primarily  to  expand  upon 
bidding  plans  and  specifications  with  sketches  of 
piping,  wire,  HVAC  systems,  etc.,  to  assist  in 
making  take-off  and  labor  estimates. 

Shops 

Used  for  configuration  of  estimates  where  re- 
turn cost  are  not  available. 
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Purchasing  Department 


Not  used  very  much  directly,  but  Estimating 
Department  has  copies  of  all  material  requisitions 
and  purchase  orders. 

(5)  NASSCO  Relies  On  Detailed  Cost  Estimates  For  Bid  Proposals 
Using  As  Much  As  23,000  Manhours  In  Their  Preparation 

For  sale  inquiries  or  for  "order  of  magnitude  estimates"  the  de- 
tail could  range  from  a few  hours  on  a repeat  design  under  construction 
to  two  man-weeks  preparing  an  estimate  with  70  elements  in  the  WBS. 

It  was  said  that  budget  estimates  took  from  two  - eight  man  days. 

For  bid  or  proposal  estimates  they  go  into  great  detail  expending 
from  18,000  to  23,000  manhours  to  prepare  the  bid  on  the  AD  41 . De- 
pending upon  the  complexity  of  the  ship,  a bid  estimate  could  have 
from  5,000  to  10,000  significant  labor  entries.  The  following  summarizes 
the  important  consideration  that  go  into  the  estimate  for  direct,  indirect 
and  overhead  costs. 


Direct 


Labor 

Labor  estimates  are  developed  from  returned  cost 
on  similiar  jobs  completed  and  on  going  work. 

Material 

Quotations  from  vendors  are  used  whenever 
possible.  Lacking  quotes,  returned  costs  are 
used  with  factors  for  inflation. 
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Indirect  Cost 

Ship  Services 

Returned  costs  are  used  taking  into  account  ship 
size  and  construction  time. 

Supervision 

Supervision  is  taken  as  a percentage  of  direct 
labor.  The  first  level  of  supervision  which 
in  non-working  is  the  foreman  who  supervised 
from  20-50  workmen  on  tools. 

Energy 

This  includes  electricity,  compressed  air  and 
fuel,  etc.  These  are  estimated  from  returned 
costs  taking  into  account  time,  ship  size,  and 
manloading . 

Overhead 

Overhead  determinations  are  made  by  the  Comptroller's 
office.  This  office  makes  a continuous  forecast  of  over- 
head using  several  possible  ongoing  work  loading.  On 
capital  improvements,  the  cost  of  financing  is  carried 
in  overhead.  This  will  not  mean  an  increase  in  total 
operating  cost,  however,  because  of  the  saving  in 
direct  manpower  occasioned  by  the  investment  or  be- 
cause increased  business  will  be  generated  by  the  capi- 
tal expenditure. 


(6)  The  Chief  Estimator  Is  Only  Two  Management  Layers  Below 
The  Decision  Making  Level 


The  Office  of  Chief  Estimator  is  under  the  Director  of  Operations 
and  Planning  who  is  turn  answers  to  the  Executive  Vice  President  and 
General  Manager.  Since  the  management  committee,  headed  by  the 
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General  Manager,  determines  important  elements  in  the  estimate  such 
as  the  labor  rate,  overhead  rate,  percent  escalation  and  profit,  it 
could  be  said  top  management  really  makes  the  dollar  estimate.  This 
estimate  may  or  may  not  be  reviewed  by  the  stockholders. 

(7)  NASSCO  Gives  Careful  Attention  To  Special  Estimating 

Considerations  Such  As  Navy  Form  Of  Contract 

It  is  the  NASSCO  practice  to  prepare  a bid  based  on  prices  of 
a certain  day.  Depending  on  economic  conditions  at  the  time,  a bid 
on  this  basis  is  good  for  60  to  90  days.  This  time  period  is  also  influ- 
enced by  how  long  major  vendors  will  fix  their  quotes. 


Bids  that  are  subject  to  adjustment  for  escalation  of  labor  and 
material  must  be  adjusted  by  an  amount  which  will  cover  what  they 
believe  will  be  the  difference  in  the  amount  they  will  receive  through 
the  escalation  provision  and  their  actual  cost.  This  is  practicularly 
true  for  labor  where  the  BLS  index  ususally  shows  a gradual  increase 
due  to  averaging  many  yards,  yet  any  single  yard  has  a labor  increase 
in  steps. 


Form  of  Contract 

It  is  readily  acknowledged  that  the  Navy  has  unique 
problems  not  generally  found  in  the  commerical  world. 
Generally,  Naval  ships  are  more  complicated.  Their 
service  requirements  do  justify,  at  least  to  some  extent 
unique  reliability  requirements.  In  order  to  accom- 
modate these  characteristics,  unusual  contract  clauses 
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are  necessary.  An  opinion  was  expressed  that  many  of 
the  contract  clauses  stem  from  the  Navy's  inability  to 
control  its  own  employees  and  is  transferring  the  burden 
to  industry.  The  example  cited  was  the  "no  claim 
clause" . 

Doing  Business  with  the  Navy 

Doing  business  with  the  Navy  is  diffcult.  The  specifi- 
cations are  most  onerous  because  of  the  numerous  re- 
ferences to  Mil  Specs,  many  of  which  tum  out  to  be 
out  of  date  or  unavailable.  The  specifications  are  in- 
volved and  require  very  careful  reading  to  avoid  getting 
caught  in  an  obscure  requirement.  In  this  regard,  NAS- 
SCO  provided  a copy  of  a suggestion  presented  to  the 
Navy.  This  suggestion  sets  up  a non-profit  group  to 
review  NAVSEC  actions.  (See  Exhibit  D.4,  Aid  To 
Naval  Procurement). 

Another  irritant  is  the  Board  of  Inspection  and  Survey 
that  conducts  the  Navy  acceptance  trial.  This  board 
is  inclined  to  be  very  exacting  and  abrasive. 

The  frequent  rotation  of  Naval  officers  in  the  Supervisor 
of  Shipbuilding  Office  also  makes  doing  business  with 
the  Navy  difficult.  In  numerous  instances,  the  attitude 
taken  in  Naval  correspondence  toward  the  contractor 
is  abrasive  and  makes  doing  business  generally  difficult. 
Navy  inspection  is  very  stringent  compared  to  commer- 
cial practice.  The  Navy  can  have  as  many  as  50  in- 
spectors on  a Destroyer  Tender  (AD)  compared  to  three 
owner  inspectors  for  a large  commerical  tanker,  plus 
part  time  for  ABS  and  USCG  inspectors. 

Social  Legislation  (OSHA,  EPA,  EEO,  Longshoremen's 
and  Harborworker's  Compensation  Act) 

NASSCO  does  not  make  special  allowance  for  future 
cost  of  social  legislation.  It  does,  however,  take  these 
costs  into  account  as  they  are  reflected  in  returned 
costs.  As  an  example  of  a recent  development,  an 
added  cost  is  the  requirement  of  last  year  to  make 
special  provisions  to  hire  the  handicapped  and  the 
mentally  retarded. 
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Amortaization  of  Capital  Improvements 

For  substantial  capital  improvements,  NASSCO  must 
have  contracts  in  hand  to  charge  them  against.  The 
study,  "Profit  '76"  may  be  suitable  for  product  manu- 
facturing like  cars,  but  not  shipbuilding. 

Material  Delivery 

Not  currently  the  problem  it  has  been  in  the  past. 
Currently,  material  is  being  delivered  on  time  as  re- 
quired by  purchase  order. 

Productivity 

NASSCO  is  well  aware  of  influences  that  affect  pro- 
ductivity and  attempts  to  take  these  into  account.  Pro- 
ductivity is  affected  by  such  things  as  labor  build-up, 
training,  turnover,  EEO,  etc.  Productivity  studies  and 
evaluations  are  made  for  each  trade  based  on  past  ex- 
perience and  judgment.  Presently,  they  think  at 
NASSCO  that  productivity  has  stablized  after  a period 
of  deteriorization . NASSCO  has  also  found  that  pro- 
ductivity can  be  greatly  affected  by  capital  improve- 
ment that  disrupts  the  yard. 

Profit 

Profit  is  strictly  a top  management  decision. 


(8)  Cost  Drivers  Are  Quite  Evident  In  Naval  Ship  Construction 


There  are  many  cost  drivers  in  shipbuilding,  but  the  following 
were  considered  important  to  NASSCO. 

. Mil  Specs  - Mil  Q in  particular,  is  not  necessary. 

. Documentation  CDRL  requirements;  paperwork  is  really 

excessive. 
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. DO  DIN  ST  7000.2  requirements  are  excessive. 

. Lack  of  responsiveness  to  value  engineering  proposals. 

On  AD  41,  some  $6M  is  value  engineering  changes 
were  proposed  by  the  shipyard  and  not  one  was  accepted 
by  the  Navy. 

. Navy  standards  for  materials  and  components,  in  many 

cases,  are  no  better  than  commerical,  but  cost  more. 

. The  risk  involved  in  Navy  Specs  language  and  Mil  Spec 

referencing. 

NASSCO  has  prepared  a proposal  (Exhibit  D.4)  which  has  been 
given  to  the  Commander  NAVSEA  suggesting  how  to  reduce  many  of  the 
problems  presented  by  contracting  with  the  Navy. 


(9)  Miscellaneous  Points 

. In  the  same  time  frame,  the  Navy  will  treat  shipyards 

differently  with  respect  to  contract  provisions  on 
similar  ship  types. 

. When  NASSCO  converts  its  bid  to  the  Navy  three  digit 

systems  as  required  by  the  contract.  Some 
accuracy  is  lost  but  they  do  the  best  they  can. 

. NASSCO  would  never  estimate  a ship  on  the  single 

digit  system  if  it  could  possibly  help  it.  It  is  too  gross. 


13.  NEWPORT  NEWS  IS  PROBABLY  THE  LARGEST  AND  MOST  DIVERSI- 
FIED SHIPYARD  IN  THE  WORLD 


The  Newport  News  Shipbuilding  Corporation  (NN)  is  located  in  Newport 
News,  Virginia  on  the  James  River.  NN  has  a current  total  employment  of 
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approximately  23,000  people  and  are  currently  building  CVN,  CGN,  SSN 
and  LNG  ships.  In  addition,  they  have  an  extensive  naval  ship  overhaul  and 
ship  repair  capability. 

The  Newport  News  yard  is  devoted  to  naval  ship  and  commercial  ship 
construction  and  is  one  of  the  oldest  in  the  United  States  and  covers  330  acres 

I 

making  it  one  of  the  largest  shipyards  in  the  world.  In  1973,  it  started  a new 
facility  adjacent  to  the  old  yard  designed  to  accommodate  tankers  up  to 
1,000,000  DWT  and  LNG  carriers. 


(1)  The  Newport  News  Cost  Estimating  Staff  Is  Geared  To  Doing 
Detailed  Engineering  Estimates 


Although  NN  must  prepare  estimates  for  a variety  of  reasons, 
the  major  effort  goes  into  three  kinds  of  estimates. 


Idea  Price/Budget  Price  — Newport  News  does,  on 
occasion,  prepare  this  type  of  an  estimate  for  a com- 
mercial customer.  These  estimates  are  considered  to 
be  5 to  10  percent  accurate  and  tend  ta  err  on  the 
higher  side.  The  time  taken  to  do  this  type  of  an  esti- 
mate is  from  one  day  to  a week,  depending  upon  how 
real  the  job  is,  the  type  of  ship  and  how  close  the 
design  is  to  one  previously  built. 

They  made  the  point  that  they  do  not  do  this  on  Navy 
work  because  any  future  change  in  price  is  cause  for 
a justification  of  the  difference,  from  both  Newport 
News  top  management  as  well  as  the  Navy. 

Proposals/Bids  — These  are  detailed  engineering  esti- 
mates that  usually  take  90  days  to  prepare.  For  example: 


D-414 


Follow  on  Sub 

CVN 

VLCC 


20-25,000  manhours 

50.000  manhours 

10.000  manhours 


Cost  to  Finish  — Cost  to  Finish  Estimates  are  made  in 
order  to  arrive  at  a total  cost  of  work  under  construc- 
tion, so  that  the  follow-on  estimate  can  be  made  for 
a similar  or  sister  ship. 


The  Ship  Cost  Estimates  Require  Input  From  A Number  Of  Other 
Departments 


The  total  shipyard  effort  to  prepare  a proposal  or  bid  requires 
participation  of  at  least  six  other  major  departments. 


Accounting  — The  accounting  departments  participation 
in  the  cost  estimating  function  is  to  provide  Base  Month 
Labor  Rates  for  engineering  and  production  labor,  and 
to  forecast  overhead  cost  as  a percentage  of  direct  labor. 
Overhead  is  calculated  separately  for  different  product 
lines,  i.e.,  commerical  shipbuilding,  naval  shipbuilding, 
repair,  and  non-marine. 

Engineering  — The  engineering  department  provides  the 
estimate  of  engineering  manhours  and  does  the  steel  take- 
off for  steel  weight  and  sizes.  In  addition,  they  pro- 
vide services  as  required  in  the  following  areas: 

Interpretation  of  technical  requirements 
- Develop  equipment  sizes 

Prepare  quotation  inquiries,  technical  description 

The  Cost  Engineering  Department  does  as  much  in  the 
three  areas  mentioned  as  possible  before  calling  upon 
engineering  for  assistance. 

Purchasing  — Purchasing  sends  out  requests  for  quota- 
tions on  material  units  as  requested,  generally  of 


D-415 


$10,000  or  more  per  unit  in  value.  They  also  provide 
general  information  on  price  movement,  i.e.,  inflation, 
delivery  conditions  and  other  general  intelligence  on 
material  procurement  matters. 

. Operating  Departments — These  departments  are  not 

used  very  much,  primarily  because  they  are  usually 
overly  optimistic  on  what  they  can  do  a job  for.  Ex- 
perience has  found  them  estimating  jobs  at  about  60 
percent  of  actual  cost. 

. Legal /Contract  Departments  — The  estimator  works  very 

close  with  the  legal/contract  offices  to  screen  RFP  for 
cost  sensitive  requirements  and  to  keep  abreast  of  legis- 
lation that  may  have  an  impact  upon  ship  cost. 

. The  shipbuilding  schedule  is  given  to  the  estimating 

department  by  Production  Control. 

(3)  The  Cost  Estimating  Staff  Occupies  A Prominent  Position  In 

The  Corporate  Hierarchy 


Figure  D.42  shows  the  position  of  Director  of  Cost  Engineering 
to  be  only  one  layer  of  management  removed  from  President  and  Chief 
Operating  Officer  and  under  the  direct  supervision  of  the  Executive 
Vice-President  for  Administration. 

The  Director  of  Cost  Engineering  is  given  the  wide  authority 
to  develop  ship  cost  estimates  which  include  labor  rates  and  overhead. 
The  Director's  estimate  is  a "will  cost"  value  without  a profit  selec- 
tion. The  final  approval  of  the  estimate  and  the  selection  of  a profit 
or  fee  target  is  made  by  top  management  consisting  of  Chief  Executive 
Officer,  President,and  Office  of  the  President.  The  highest  detail 
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review  given  the  estimate  is  by  the  Executive  Vice  President  for  Marketing/ 
Contracts/Legal  and  Corporate.  The  estimators,  therefore,  determine 
cost  and  management  determines  price.  There  is  no  corporate  input 
from  the  parent  company,  Tenneco. 

The  estimate  review  is  often  in  the  form  of  presentation,  which 
sets  for  the  rational  for  all  estimate  assumptions  and  how  the  estimate 
was  developed,  i.e.,  base  ship,  overhead  analysis,  productivity,  labor 
rates,  manpower  requirements,  etc.  The  presentation  also  shows  a pro- 
fit selection  analysis  which  top  management  considers  in  selecting  the 
profit  value  to  be  included  in  the  final  proposal. 

The  organization  of  the  Office  Director  of  Cost  Engineering  is 
shown  on  Figure  D.43.  About  one-half  of  the  professional  staff  (37 
people)  work  on  new  ship  construction,  major  overhaul,  major  design 
and  miscellaneous  proposals.  The  other  half  work  on  new  ship  construc- 
tion changes.  Navy  overhaul  change  estimates  and  various  assignments. 

The  cost  engineering  resources  at  NN  are  impressive,  but  no 
more  than  expected  for  a shipyard  with  such  a wide  range  of  capability 
and  current  contracts. 

# 

. Personnel  — In  new  ship  construction,  the  professional 

personnel  is  as  follows: 
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FIGURE  D.43 

ORGANIZATION  OF  COST  ESTIMATING  FUNCTION  NEWPORT  NEWS 
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- 3 Managers 

21  Senior  Estimators 

12  Estimators  , 

1 Associate  Estimator 

The  staff  have  an  average  of  28  years  shipyard  experience 
and  11  years  in  estimating.  Almost  all  have  graduated 
from  the  Newport  News  Apprentice  School  and  about 
one-third  have  Engineering  degrees  from  Virginia  Poly- 
technical  Institute,  North  Carolina  State  University, 
University  of  Michigan,  or  other  major  engineering 
schools.  Their  shipyard  experience  has  been  either  in 
design  or  a trade.  At  Newport  News,  it  is  considered 
a privilege  to  be  on  the  estimating  staff  and  all  have 
come  into  estimating  by  their  own  choice. 

The  remaining  staff  of  40  are  associated  with  Navy  new 
construction, Navy  overhaul  and  commercial  ship  changes. 
These  functions  are  a direct  charge,  where  the  prepara- 
tion of  bids  and  inquiry  estimates  may  be  either  a direct 
or  overhead  charge  depending  on  circumstances. 

Cost  Data 

- Return  Cost  — This  data,  when  available,  is 
always  used  when  making  estimates. 

Previous  Bid  — Used  only  if  nothing  else  is 
available. 

Vendors  Quotes  — Are  sought  for  all  items  of 
$10,000  or  more,  if  time  is  available. 

Literature  (Estimating  Guides)  — Used  very 
little.  Newport  News  does  have  a cost 
estimating  manual. 

- Shop  Estimates  — Are  only  used  occasionally  on 
an  as  needed  basis. 

Technical  Data  — Product  definition  is  usually  reflected 
in  the  RFP.  The  estimating  department  is  assisted  by  the 
engineering  departments  to  determine  material  quantities 
and  to  size  equipment.  Legal/Contracts  is  used  to  flag 
cost  senstivite  provisions  in  Pro  Forma  Contracts  and  other 
procedural  documentation  or  reporting  requirements. 
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(4)  Newport  News  Spends  As  Much  As  50,000  Manhours  On  An 
Estimate  For  A CVN 


The  estimating  procedure  at  NN  follows  the  normal  custom  of 
the  industry. 


Degree  of  Detail 


For  Budget/Idea  Pricing  the  time  spent  is  minimal, 
from  one  day  to  a week,  depending  upon  how  real 
the  Job  is  and  how  familiar  the  estimator  is  with 
the  proposed  job. 

The  vast  majority  of  time  spent  by  new  ship  con- 
struction estimators  is  on  proposals  or  bids  in  re- 
sponse to  RFP.  The  time  spent  varies  from  10,000 
manhours  on  a VLCC  to  50,000  on  a CVN.  The 
actual  submitted  estimate  for  a recent  submarine 
consisted  of  3,000  pages  of  cost  summaries  and 
work  sheets. 

Material/ Labor  — Material  and  Labor  is  generally  esti- 
mated in  terms  of  a four  digit  SWBS.  Material  estimates 
usually  reflect  quotations  for  about  50  to  60  percent  of 
total  material  cost.  Steel  cost  estimates  are  based  on 
published  catalog  prices;  however,  the  actual  cost  is 
that  in  effect  as  of  time  of  delivery.  For  contracts  with 
escalation,  all  costs,  including  steel,  are  in  base 
month  dollars.  Where  quotes  connot  be  obtained  or  if 
stock  nature,  recent  cost  history  is  used  as  the  basis. 

Indirect  cost  — Derived  from  return  cost  accounts 

Overhead  estimates  are  based  on  past  experience  coupled 
with  projections  of  future  work  load  and  future  changes 
to  overhead  accounts  such  as  payroll  fringes,  FICA,  etc. 
It  is  Newport  News  policy  to  charge  as  much  expense  as 
possible  to  specific  hulls  or  projects,  so  as  to  minimize 
indirect  charges. 
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(5)  Newport  News  Is  Of  The  Opinion  That  Many  Recent  Legislative, 
Contractual  And  Economic  Considerations  Have  Affected  The 
Price  Of  Ships 


This  section  of  the  report  responds  to  a number  of  factors  that 
have  been  cited  as  problems  by  others  and  the  following  are  the  views 
expressed  by  Newport  News: 


Inflarion/Escalation  and  Form  of  Contract 

Newport  News  is  generally  of  the  opinion  that 
escalation  adjustments  made  in  accordance  with 
accepted  indices  would  be  satisfactory,  if  100 
percent  of  overhead  was  subject  to  escalation 
and  the  escalation  covers  the  entire  construc- 
tion period.  At  present,  new  Navy  RFP's  at- 
tempt to  provide  for  more  realistic  coverage, 
however,  may  fall  short  of  this  goal  especially 
in  the  area  of  overhead.  The  private  VLCC 
contract  made  in  accordance  with  MarAd  regu- 
lations, while  providing  much  needed  relief, 
falls  short  of  adequately  covering  the  contractor 
for  material,  labor  overhead  escalation. 

The  idea  was  presented  that  if  fringes  were  in- 
cluded in  escalation,  the  target  price  could  be 
reduced  somewhat. 

In  preparing  bids  from  return  costs,  BLS  indices 
are  used  to  bring  costs  to  a current  base  unless 
it  is  known  that  they  are  inadequate. 

Doing  Business  With  Navy  . 

The  general  discussion  on  this  subject  can  be 
summarized  by  saying  that  it  is  "difficult." 

Most  of  the  problems  they  believe  are  "people 
problems",  with  particular  reference  to  SEA 
08. 
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The  Navy  has  adopted  o philosophy  of  partici- 
pation in  contractor's  monogement  commonly 
called  "involvement"  or  "engagement"  without 
accepting  corresponding  responsibility.  In  fact, 
they  have  formalized  this  concept  and  hove  de- 
veloped numerous  documents  explaining  this 
philosophy  and  instructing  their  people  on  its 
implementation. 

Newport  News  believes  DOD  Instruction  7000.2 
hos  some  merit.  It  does  establsih  a baseline  for 
cost  and  schedule  measurement.  How  is  is  im- 
plemented by  the  Novy  is  the  key.  Any  require- 
ment to  force  the  contractor's  system  into  a rigid 
mold  contrary  to  how  he  conducts  his  business 
makes  it  useless.  Also,  too  often  Novy  loses 
sight  of  the  fact  that  it  is  a reporting  mechanism. 
It  does  not  manage  anything  --  people  do  that. 

Doing  Business  Without  Government  Involvement 

- The  discussion  was  short  on  this  subject.  In 
Newport  New's  opinion,  there  is  no  such  thing 
— only  a motter  of  degree. 

It  was  Newport  News'  opinion  that  for  Navy 
work  it  is  now  a sellers  market  and  for  commer- 
cial work  a buyers  morket. 

Social  Legislation  (OSHA,  EPA,  EEO,  Longshoremans 

and  Harbor  Worker's  Compensation  Act) 

The  cost  of  social  legislation  has  not  been  se- 
parately calculated,  but  it  creeps  into  return 
costs  and  is  reflected  in  increased  overhead 
costs  ond  productivity  loss. 

Weapon  Integration  and  Testing 

- According  to  Newport  News,  its  responsibility 
is  to  install  weapons,  including  electrical  hook- 
up, install  black  boxes  and  test  each  unit  by 
piece  and  integrate  the  pieces  into  systems. 
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- On  the  DGN  36  and  37,  they  believe  the  prob- 
lem was  that  the  Navy  did  not  site  test  Govern- 
ment Furnished  Material/Government  Furnished 
Information  (GFM/GFI)  to  iron  out  bugs  between 
systems  and  develop  software  programs  that  were 
compatible  with  the  hardware. 

Newport  News  believes  the  present  split  between 
GFM  and  Contractor  Furnished  Material  (CFM)  to 
be  about  right. 

. Amortization  of  Capital  Improvements 

In  paying  for  new  facilities,  Newport  News  has  taken 

several  approaches. 

For  the  large  crane  in  old  yard  the  Navy  paid 
for  crane,  Newport  News  paid  for  rails  and 
supports.  Newport  News  paid  the  Navy  back 
over  10  years  on  a double  declining  deprecia- 
tion schedule. 

The  new  commerical  yard  was  a big  gamble. 

The  new  yard  the  cost  is  about  210  million  dollars. 

. Productivity 

Productivity  has  been  gradually  declining,  but 
it  is  hard  to  separate  general  productivity  from 
new  requirements. 

Newport  News  believes  the  productivity  effect 
of  EEO  as  far  as  minority  males  is  concerned 
has  leveled  out  at  a point  significantly  below 
what  it  was  10  years  ago.  Now  the  emphasis 
is  on  women,  which  is  posing  problems  on  the 
waterfront. 

Newport  News  Considers  Many  Navy  Practices  To  Be  Un- 
Necessary  Cost  Drivers 


The  recent  Navy  emphasis  on  Mil  Q quality  control 
requirement  where  it  is  not  necessary  is  a cost  driver 
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The  proliferation  of  referenced  Mil  Specifications  is  a 
cost  driver.  Example  — GE  claims  there  are  30,000 
referenced  Mil  Specifications  associated  with  con- 
struction of  a steam  turbine. 

A case  was  mentioned  where  the  bidding  specifications 
for  the  AS  now  building  at  Lockheed  referenced  Mil 
Specifications  approximately  eight  years  old.  The  Navy, 
however,  insisted  these  old  specifications  be  followed 
for  bidding  even  though  manufacturers  could  only  supply 
equipment  to  the  current  specifications.  To  go  back 
to  the  old  specifications  would  be  more  expensive  and, 
in  some  cases,  probably  unobtainable. 

Navy  does  not  have  a system  of  identifying  specifica- 
tion changes  as  new  issues  are  distributed.  The  ship- 
yard must  compare  the  old  and  the  new  word  by  word 
to  find  the  changes. 
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XI.  IMPACT  OF  SOCIAL  LEGISLATION  ON 
COST  ESTIMATING 


1 . SOCIAL  LEGISLATION  HAS  HAD  AN  IMPACT  ON  SHIPBUILDING 
COSTS  SIGNIFICANTLY  DURING  THE  PAST  TEN  YEARS 


Since  1965  more  social  legislation  has  been  passed  that  has  had  an 
impact  on  shipbuilding  cost  then  in  the  previous  thirty  years.  In  the  period 
from  1935  to  1965  the  most  significant  socially-oriented  legislation  that  had 
an  impact  on  labor  cost  and  productivity  were: 


. Social  Security  Act 

. Taft  Hartley  Act 

. Workingmen's  Compensation  Act 

Old  Age  Benefits  FICA 
. Unemployment  Compensation 

. Union  Negotiated  Benefits 

- Vacation 

- Group  Insurance 

- Holiday  Pay 
Pension  Fund 

- Thrift  Plan 

- Sick  Leave 
Severance  Pay 

- Work  Rule 


All  of  these  social  benefits  grew  gradually  and  their  incremental  cost 
from  contract  to  contract  was  small  and  to  a large  degree  predictable.  Since 
1970,  the  industry  has  continued  to  experience  cost  growth  in  these  accepted 
areas,  but  at  a more  accelerated  rate  than  in  the  past  due  primarily  to  inflation 
and  a tendency  for  more  liberal  judgments.  Additional  cost,  however,  has  been 
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placed  on  top  of  the  normally  accepted  growth  by  eight  significant  legislative 


acts. 


. The  Clean  Air  Act  — Environmental  Protection  Agency, 

December,  1970 

. Federal  Water  Pollution  Control  Act  — June,  1970 

. Clean  Air  Amendments  of  1970  — Public  Law  91-604, 

December  31 , 1970 

. Noise  Control  Act  of  1972  — Public  Law  92-574,  October 
27,  1972 

. Coastal  Zone  Management  Act  of  1972  — Public  Law  92-583  , 

October  27,  1972 

. Marine  Protection,  Research  and  Sanctuaries  Act  of  1972  — 

Public  Law  92-532,  October  23,  1972 

. Occupational  Safety  and  Health  Act  of  1970  — April  28,  1971 

. Longshoremen's  and  Harbor  Workers'  Compensation  Act  (LHWCA) 

Amendments  — Public  Law  92-576,  November  27,  1972 

. EEO  Legislation  — various  dates 


All  of  these  acts  have  had  some  impact  on  the  shipbuilding  idustry. 
The  ones  that  feature  most  prominantly  with  respect  to  shipbuilding  have  been 

. Longshoremen's  and  Harbor  Workers'  Compensation  Act 

Amendments  — November  1972 

. Occupational  Safety  and  Health  Act  of  1970  — April  1971 

. Various  Environmental  Protection  Acts 

I 

1 
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2. 


THE  LONGSHOREMEN'S  AND  HARBOR  WORKERS'  COMPENSATION 
ACT  NOW  APPLIES  TO  SHIPYARDS  AND  HAS  TRIPLED  FROM  1972 
TO  1975 


According  to  a Newport  News  press  release  of  August  3,  1976,  their 
cost  for  Workingmen's  Compensation  which  is  now  covered  by  the  act  tripled 
from  1972  to  1975.  For  1976,  25  percent  more  was  expected.  For  1980, 

Newport  News  predicts  a bill  of  $7,000,000  or  a 1 ,600  percent  increase  in 
eight  years. 

(1)  In  1973,  The  Commission  On  American  Shipbuilding  Commissioned 
Todd  Snipyards  To  Make  A Study  Of  The  Impact  Of  Legislation 
On  Shipbuilding  Costs 

Tne  following  are  pertinent  excerpts  from  this  report. 


Coverage  under  the  Amendments  is  extended  to  include 
any  adjoining  pier,  wharf,  dry  dock,  terminal  buila'ing- 
way,  marine  railway,  or  other  continguous  area  custom- 
arily used  in  loading,  unloading,  repairing,  or  building 
a vessel.  In  short,  any  blue  collar  worker  within  the 
perimeter  of  the  shipyard  is  subject  to  the  amended  law. 
Before  the  enactment  of  the  Amendments,  on  the  other 
hand,  only  those  who  were  directly  engaged  in  work 
on  the  navigable  waters  of  the  United  States,  including 
dry  docks,  were  covered  by  the  act.  Consequently,  all 
other  workmen  were  subject  to  individual  State  Com- 
pensation Laws. 

Before  the  enactment  of  the  Amendments,  the  maximum 
benefit  was  $70.00  per  week.  The  Amended  Act  pro- 
vides that  the  maximum  compensation  for  disability  shall 
not  exceed  200  percent  of  the  national  average  weekly 
wage  to  be  determined  annually  by  the  Secretary  of 
Labor.  This  increase  is  to  200  percent  of  the  national 
average  weekly  wage  during  the  period  from  October 
1,  1975  of  $267.00  per  week  based  on  the  $133.60 
national  average  weekly  wage. 
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The  percentage  increases  by  type  of  injury  are  as 
follows: 


- 

Fatal 

504.4% 

- 

Permanent  Total 

469.9% 

- 

Major  Permanent 

112.3% 

- 

Minor  Permanent  Partial 

84.9% 

- 

Temporary  Total 

86.1% 

- 

Medi  cal 

No  Char 

- 

Average 

130.5% 

The  shipyards  responding  to  a survey  aimed  at  determin- 
ing the  additional  cost  of  the  increased  benefits  provided 
by  the  Amended  Act  per  $100.00  of  payroll  indicated 
that  current  additional  expense  would  be  $4.20  and 
prospectively  $7.22. 

While  the  ultimate  cost  of  the  increase  in  benefits  and 
the  extended  coverage  to  all  shipyard  employees  cannot 
be  determined  until  the  full  impact  on  the  industry  is 
established  by  actual  experience,  it  is  abundantly  clear 
that  the  additional  expense  will  be  of  the  greatest  mag- 
nitude. The  problem  is  compounded  by  the  fact  that 
shipbuilding  contracts  are  negotiated  on  a fixed  price 
basis  well  in  advance  of  commencement  of  actual  con- 
struction. Thus,  the  industry  finds  itself  in  the  position 
of  paying  increased  benefits  and  increased  insurance 
premiums  without  being  able  to  recover  any  of  this  sub- 
stantial expense  under  existing  contracts. 


(2)  NAVSEA  Cost  Analysis  Guidance  Reflects  The  Finding  Of  The 
Shipbuilders  Council  Of  America 


The  most  recent  NAVSEA  Cost  Analysis  Guidance  of  January 
1975  gives  the  following  information: 


Legislative  follow-up  action  by  the  Select  Subcommittee 
on  Labor  requested  the  Shipbuilders  Council  to  survey 
the  industry  to  determine,  among  other  things,  the  change 
in  cost  of  compensation  resulting  from  the  amendments 
and  the  contributing  factors.  The  Council  singled  out 
these  areas  of  major  concern: 
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Benefit's  now  provided  cost  more  in  most  yards. 

This  uneconomic  condition  allows  actual  out- 
of-pocket  compensation  costs  to  exceed  real 
take-home  pay.  It  has  the  expensive  effect 
of  undermining  incentive  for  affected  employees 
to  return  to  work. 

There  are  a multiplicity  of  cases  alleging  hearing 
losses  and  other  injuries.  The  resulting  adminis- 
trative and  procedural  burden  on  the  shipyards  is 
becoming  increasingly  cumbersome  and  costly. 

Responses  from  the  18  shipbuilders  representing  about  80 
percent  of  the  employment  in  the  private  sector  were 
examined.  Four  yards  submitted  data  which  could  be 
analyzed,  i.e.,  LHWCA  costs  in  "percent  of  total 
payroll".  Using  weighted  averages  the  added  cost  of 
LHWCA  is  0.4  percent  of  the  labor  rate.  It  represents 
an  added  cost  of  approximately  $0.02  per  hour  which 
is  not  included  in  overhead  rates  proviaed  by  SEA  0523 
or  reflected  in  historical  bid  rate  data. 

When  the  cost  is  significant,  cost  estimates  are  to  sep- 
arately identify  LHWCA  added  costs  in  ship  cost  esti- 
mates. These  amounts  can  be  determined  by  applying 
a factor  of  0.004  to  the  total  labor  cost  estimate. 

Example: 


When  Total 
Labor  is 


Added  Cost 
of  LHWCA  is 


$1  M 
$10M 
$100M 
$500M 


$4,000 

$40,000 

$400,000 


$2,000,000 
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(3)  The  Maritime  Administration  Also  Recognizes  The  Imoact  Of 
LHWCA 


In  a recent  analysis  of  why  U.S.  shipbuilders  cannot  compete 
with  foreign  shipbuilders,  they  report  as  follows: 


"Another  rapidly  rising  cost  resulting  from  federal  legislation 
was  the  increase  in  workmen's  compensation  benefits.  In 
1973,  the  Longshoremen's  and  Harbor  Workers'  Act  signifi- 
cantly upgraded  the  monetary  benefits  workers  received  for 
claims  of  work-related  accidents.  The  maximum  weekly  com- 
pensation benefit  in  1972  was  S70.00.  The  act  provided  for 
the  level  of  benefits  to  be  increased  in  September  of  each 
year  from  1973  through  1975.  Presently,  the  maximum  com- 
pensation is  200  percent  of  the  national  weekly  wage.  The 
increase  is  reflected  in  the  insurance  premium  rate  paid  by 
the  employer.  There  has  been  an  indication  from  shipbuilders 
that  the  number  of  compensation  claims  has  risen  substantially. 
The  article,  previously  referred  to  in  the  Baltimore  Sun,  stated 
that  in  1975  Bethelehem  Sparrows  Point  reported  that  for  every 
100  employees,  there  were  42  cases  of  injury  requiring  med- 
ical treatment  other  than  first  aid.  The  national  average  for 
shipbuilding  and  repair  yards  was  22  injuries  per  100  employees 
for  that  year.  Notwithstanding  the  cost  factor,  the  lost  time 
and  manpower  that  occurs  due  to  injuries  has  a pronounced 
impact  on  productivity  rates." 


(4)  The  Overall  Impact  Of  LHWCA  is  Currently  Estimated  To  Be 
A Labor  Cost  Increase  Of  Three  Percent 


The  research  of  available  documents  reveals  that  the  Commission 
on  American  Shipbuilding  is  the  most  authoritative  study  done  on  this 
subject  in  February  1973.  Their  appraisal  of  the  impact  on  shipyards 
reads  as  follows. 


D-429 


"The  shipyards  responding  to  a survey  aimed  at  determining 
the  additional  cost  of  the  increased  benefits  provided  by  the 
Amended  Act  per  SI 00.00  of  payroll  indicated  that  current 
additional  expense  would  be  54.20  and  prospectively  $7.22. 
Relating  these  costs  to  the  base  labor  rate  of  $4.41  per  hour 
as  developed  by  the  Bureau  of  Labor  Statistics  for  shipbuilding 
and  ship  repair  work  as  of  September  1972,  the  current  increase 
in  the  hourly  billing  rate  would  be  $.185  and  prospectively 
S.318.  Assuming  an  hourly  billing  rate  of  $10.00,  the  percent- 
age increases  would  be  1.85  percent  and  3.18  percent." 


The  most  recent  estimates  from  the  Shipbuilders  Council  of 
Americc  is  now  averaging  3.56  percent. 


The  president  of  Lockheed  Shipbuilding  and  Construction  Com- 
pany, recently  emphasized  rising  rates  of  insurance  coverage.  He  stated: 

"While  the  changes  to  the  Longshoremen's  and  Harbor  Workers' 

Act  were  made  in  1972,  the  full  thrust  of  those  changes  was 
not  felt  until  March  1976.  At  that  time,  our  insurance  carrier 
informed  us,  through  our  broker,  that  the  renewal  rate  for 
(Longshore  Act)  coverage  was  in  increase  227  percent  for  the 
April  1,  1976/April  1,  1977  policy  year.  This  increase  from 
rate  of  SI  1 to  $25  per  $100  of  payroll  represented  a $4 ‘.5 
million  increase  in  premium  for  the  shipyard." 

(5)  The  Coordinator  Of  The  Shipbuilding  Conversion  And  Repair  POD 
Reports  The  LHWCA  Impact  On  Workers  Compensation  Insurance 

According  to  the  Coordinator's  "Annual  Report  On  The  Status 
Of  The  Shipbuilding  And  Ship  Repair  Industry  Of  The  United  States 
1976"  alleged  hearing  cases  have  driven  insurance  rates  skyward. 

. The  broadening  of  the  Longshoremen's  and  Harbor 

Worker's  Compensation  Act  has  affected  shipyards' 
ability  to  obtain  workers'  compensation  insurance  and 
has  increased  the  cost  of  such  coverage.  The  naval 
shipyards  were  similarly  affected  by  a liberalized 
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Federal  Employees'  Compensation  Act  in  1972.  Hear- 
ing loss  claims,  in  particular,  have  risen  to  astonishing 
levels  in  the  past  six  years.  Since  1973,  a total  of 
$50.8  million  has  been  paid  for  hearing  loss  in  active 
naval  shipyards.  A $150  million  total  payout  can  be 
predicted  for  naval  shipyards.  This  amount  does  not 
include  Army,  Air  Force,  or  any  of  the  Navy's  other 
activities. 

The  Navy  has  apprised  Congress  of  problems  with  the 
Department  of  Labor's  Office  of  Workers'  Compensa- 
tion Programs  (OWCP)  administration  of  the  laws  and 
of  employee  abuse  of  compensation  rights  and  the  re- 
sultant costs.  The  Government  Accounting  Office 
(GAO)  has  recommended  changes  OWCP  policies. 

Efforts  will  continue  to  ensure  that  workers  are  adequately 
compensated  for  legitimate  hearing  losses  and  those  work- 
ers still  employed  are  provided  protection  to  prevent 
hearing  loss.  The  success  of  these  efforts  rests  with 
strict  enforcement  of  the  provisions  of  the  law,  including 
adequate  investigation  of  all  claims  and  suitable  penal- 
ties for  those  who  knowingly  present  fraudulent  claims. 


(6)  It  Is  Feared  That  The  Liberalized  Federal  Employees  Compensa- 
tion Act  of  1972  Provisions  May  Carry  Over  To  LHWCA 


Both  LHWCA  and  the  Federal  Employees  Compensation  Act 
1972  (FECA)  are  administered  by  the  Department  of  Labor  and  the  judg- 
ments for  awards  are  made  by  the  Office  of  Workingmens  Compensation 
(OWCP).  At  the  present  time  the  awards  made  under  FECA  exceed 
LHWCA  by  a ratio  of  7 to  2.5. 

The  growth  in  Department  of  the  Navy  (DON)  workingmens 

f 

compensation  has  grown  from  1 .8  million  dollars  to  82.9  million  in 
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1976,  shown  on  Table  D.17  . Its  private  industries  fear  that  this  will 
eventually  carry  over  into  the  private  sector. 

One  of  the  most  significant  concerns  of  the  Navy  are  hearing 
loss  claims  in  Naval  Shipyards.  Since  1969  they  have  paid  out  approxr 
mately  $72  million.  The  potential  liability  is  believed  at  this  point  to 
be  about  $150  million.  Table  D.  18  shows  the  record  through  1976. 
Another  major  cost  is  "Continuation  of  Pay"  (COP)  which  allows  45 
days  with  pay  while  claim  is  being  processed.  It  is  growing,  and  could 
become  a major  expense. 

The  most  significant  potential  financial  disaster  that  may  be 
forth  coming  are  judgments  for  asbestosis.  According  to  the  Navy 
these  claims  could  run  into  millions  of  dollars. 

3.  THE  OCCUPATIONAL  SAFETY  AND  HEALTH  ACT  (OSHA)  OF  1970 
IS  ONE  OF  THE  NATIONS  MOST  IMPORTANT  LEGISLATION 

The  Occupational  Safety  and  Health  Act  of  1970  went  into  effect  on 
April  28,  1971 . It  is  one  of  the  most  important  legislation  ever  passed  by  the 
Congress  of  the  United  States.  The  Act  established  the  Occupational  Safety 
and  Health  Administration,  within  the  Labor  Department. 

OSHA  is  empowered  to  set  safety  and  health  standards  for  just  about 
every  non-govemmental  employer;  the  only  exceptions  are  employers  and 
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TABLE  D.  17 


DEPARTMENT  OF  NAVY  WORKMEN'S  COMPENSATION  COSTS 

(Dollars  in  Millions) 


Year 

Year 

1962 

$ 1.8 

1970 

$14.6 

1963 

3.1 

1971 

21 .0 

1964 

4.4 

1972 

30.3 

1965 

5.8 

1973 

30.1 

1966 

6.6 

1974 

40.3 

1967 

7.6 

1975 

60.8 

1968 

8.2 

1976 

82.9 

1969 

11.1 

TABLE  D.  18 


RECENT  DEVELOPMENTS-HEARING  LOSS  CLAIMS 


STATISTICS- 

■ACTIVE  NAVAL  SHIPYARDS 

^Incoming 

* Paid 

Amt.  Paid 

CY 

Claims 

Claims 

(S  Millions) 

1969-1972 

4,834 

1,361 

S10.4 

1973 

3,370 

573 

4.7 

1974 

3,528 

1,136 

9.9 

1975 

3,709 

2,512 

17.1 

1976  (9  mos.) 

3,113 

3,016 

19.0 

18,554 

8,598 

S61 .2  0) 

By  Yard 

Portsmouth 

1,073 

271 

$ 2.1 

Phi  ladelphia 

4,677 

1,841 

12.2 

Norfolk 

4,623 

2,457 

17.6 

Charleston 

836 

276 

2.2 

Long  Beach 

3,472 

1,180 

8.9 

Mare  Island 

3,193 

2,019 

14.0 

Puget  Sound 

633 

522 

3.7 

Pearl  Harbor 

37 

32 

0.4 

18,554 

8,598 

S61.2 

(1)  12  month  of  1976  brings  total  value  to  about  72  million  dollars 
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businesses  operated  solely  by  members  of  a family. 

(1 ) OSHA  Hcs  Included  In  Its  Safety  Regulation  Many  Standards 

Developed  By  Other  Legislation  And  Industry  Associations 

Prior  to  the  passage  of  the  Occupational  Safety  and  Health  Act 
of  1970,  employers  in  the  shipbuilding  industry  were  responsible  for 
compliance  with  Part  1502  of  the  Safety  and  Health  Regulations  for 
Shipbuilding,  under  the  Longshoremen's  and  Harbor  Workers'  Compensa- 
tion Act  of  1927. 

Part  1502  of  the  Safety  and  Health  Regulations  for  Shipbuilding 
requires  every  employer  to  furnish  and  maintain  employment  and  places 
of  employment  which  are  reasonably  safe  for  his  employees  and  contain 
specific  regulations  and  standards  regarding: 


. Dangerous  Atmospheres 

. Surface  Preparation  and  Preservation 

. Welding,  Cutting  and  Heating 

. Scaffolds  and  Ladders 

. Working  Surfaces 

. Material  Handling  Equipment 

. Tools  and  Related  Equipment 

. Personal  Protective  Equipment 

. Ship's  Machinery  and  Piping  Systems 

. Portable,  Unfired  Pressure  Vessels 

. Electrical  Equipment 


In  addition,  under  the  authority  vested  in  the  Secretary  of 
Labor,  certain  specifications,  standards  and  codes  of  the  following 
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organizations  were  included  in  Part  1502  of  the  Safety  and  Health 
Regulations  for  Shipbuilding: 


National  Fire  Protective  Association 
Underwriters  Laboratories,  Inc. 

American  Society  of  Mechanical  Engineers 

American  Conference  of  Governmental  Industrial  Hygienists 

American  Standards  Institute 


(2)  The  Impact  Of  OSHA  On  The  Shipbuilding  Industry  Is  On  A Par 
With  Industry  In  General 


An  early  survey  in  September  1972  by  the  National  Association 
of  Manufacturers  indicate  the  initial  impact  to  comply  with  the  then 
known  OSHA  requirements  to  be  of  the  following  order  of  magnitude. 


Company  Size 
(Number  of  Employees) 

1 - 100 
101  - 500 
501  - 1000 
1001  - 2000 
2001  - 5000 
Over  - 5000 


Estimated  Expense 
(Weighted  Average) 

S 33,000 

104.000 

212.000 

372.000 

863.000 

7,146,000 


The  impact  of  OSHA  on  the  shipbuilding  industry  is  not  unlike 
industry  in  general,  shipbuilders'  compliance  costs  to  date  have  been 
for  the  purchase  of  protective  equipment  coupled  with  the  replace- 
ment of  tools,  ladders,  scaffolding  and  machinery/equipment  compo- 
nents which  do  not  meet  the  OSHA  Standards.  In  shipbuilding  three 
areas  are  affected  most;  Tool  Standards,  Noise  Standards  and  House- 
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keeping . 


An  example  of  tool  standard  expense  was  the  modifica- 
tion of  hand  chipping  hammers.  The  reported  cost  to 
one  shipyard  was  $295,000  and  over  50  percent  loss 
in  productivity. 

The  OSHA  noise  regulations  are  brief,  but  far-reaching. 
Basically,  there  are  two  sections:  the  first  sets  the  max- 
imum levels  of  industrial  noise  to  which  an  employee 
may  be  exposed;  the  second  section  explains  what  oction 
the  employer  must  tdke  if  these  levels  are  exceeded. 

In  cases  where  the  sound  intensity  exceeds  the  levels 
in  the  standard,  the  law  is  explicit  about  what  must 
be  done. 


These  regulations  are  particularly  difficult  for  the  shipbuilding 
industry  to  meet  because  unlike  most  industries  where  noise  levels  are 
fairly  constant,  shipyard  work  and  particularly  that  aboard  ship  gen- 
erates a wide  variation  of  noise  levels  at  many  different  locations. 
Operations  involving  the  utilization  of  impact  tools,  grinders  and 
ventilating  equipment  in  confined  spaces  are  principal  contributors 
to  such  noise  variations,  which  at  time  exceed  the  permissible  limits. 
While  tool  and  equipment  manufacturers  have  been  made  aware  of 
these  problems,  it  has  not  been  possible  to  reduce  the  sound  intensity 
to  meet  the  Standards  and  still  maintain  reasonable  productivity. 

Efforts  to  reduce  the  noise  level  of  impact  tools  such  as  scalers 
and  hammers  have  met  with  little  success,  however,  hearing  protective 
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equipment  is  furnished  to  shipyard  employees  with  specific  instruction 
for  its  use.  Because  of  the  variable  and  intermittent  noise  levels 
encountered  in  ship  work,  coupled  with  the  discomfort  claimed  by 
many  employees  when  wearing  ear  plugs,  it  has  been  found  most  diffi- 
cult to  have  all  personnel  adhere  to  the  OSHA  requirements.  Never- 
theless, the  shipyard  is  responsible  and  liable  to  citations  and  fines 
for  failure  of  some  employees  to  wear  the  equipment  furnished. 

Hearing  protection  and  policing  is  expected  to  be  the  greatest 
economical  impact  of  the  OSHA  Noise  Standards.  However,  the  legal 
and  compensation  costs  connected  with  questionable  hearing  loss  claims 
mcy  be  posing  an  even  greater  problem.  One  shipyard,  reported  a 
total  of  77  hearing  loss  claims  during  calendar  year  1972.  Of  this 
amount,  41  claims  have  been  settled  at  a cost  of  $85,729,000.  The 
36  claims  pending  settlement  are  conservatively  estimated  to  cost 
586,266.00  making  a total  of  $171,995.00. 

General  "housekeeping"  is  particularly  difficult  in  the  opinion 
on  the  shipbuilding  industry.  This  study  prepared  by  the  Commission  on 
American  Shipbuilding  (February  1973)  read  as  follows. 

"The  Shipbuilders  Council  of  America,  in  a concerted  effort 
to  apprise  its  members  of  what  is  expected  of  them  under  OSHA, 
initiated  a Safety  and  Health  Citation  Exchange  in  January 
1972.  During  the  past  year,  participating  members  of  the 
Council  reported  463  citations  for  alleged  non-conformance  to 
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the  OSHA  Standards.  Out  of  this  total,  98  citations  or  21 
percent  were  issued  for  poor  housekeeping.  The  vast  majority 
of  these  citations,  which  by  far  exceed  in  number  those  issued 
for  any  violation,  were  issued  because  hose,  cable  and  materials 
were  found  on  the  deck  or  in  passageways  by  the  inspector. 

While  shipyard  administrators,  supervisors  and  safety  engineers 
are  cognizant  of  the  hazards  resulting  from  careless  housekeep- 
ing, it  has  been  found  that  the  additional  supervision  and  labor 
engaged  in  efforts  to  comply  with  OSHA  and  the  resultant  de- 
lays and  work  stoppages  continue  to  be  extremely  costly. 

A West  Coast  shipyard  initiated  and  completed  three  identical 
conversion  jobs  during  1972.  Services  most  directly  affected 
by  the  OSHA  Standards  were  in  the  areas  of  housekeeping, 
lighting  and  ventilation,  and  staging.  Estimates  for  these  ser- 
vices were  based  on  past  performance  cost  returns  on  similar 
conversions. 

Actual  costs  for  housekeeping  under  OSHA  exceeded  the  ori- 
ginal estimates  by  percentages  of  192,  188  and  204.  Similarly, 
the  actual  costs  for  lighting  and  ventilation  were  160,  170  and 
192  percent  greater  than  the  estimates  and  the  staging  estimates 
were  overrun  by  percentages  of  100,  91  and  100. 

The  costs  for  additional  safety  and  supervisory  personnel  assigned 
to  these  conversions,  in  an  effort  to  comply  with  OSHA,  are 
not  included  in  these  figures.  Nevertheless,  the  shipyard  has 
been  further  burdened  by  many  costly  citations  and  resultant 
legal  fees  for  appeals  in  cases  where  the  alleged  violations 
reached  the  point  of  absurdity." 

(3)  OSHA  Requirements  Have  Become  A Concern  To  The  Navy 
And  The  Maritime  Administration 


The  Navy  has  reviewed  the  eight  Naval  Shipyards  and  estima- 
ted that  239.3  million  dollars  would  be  needed  to  meet  their  interpretation 
of  current  OSHA  regulations  as  follows: 
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Million  S 


Portsmouth 

11.8 

Philadelphia 

82.4 

Norfolk 

54.4 

Charleston 

39.4 

Long  Beach 

6.1 

Mare  Island 

23.0 

Puget  Sound 

17.7 

Pearl  Harbor 

4.5 

239.3 


These  have  been  broken  down  in  hazard  categories  as  follows: 

Million  S 

Serious  61 .9 

Non-Serious  173.2 

Minimal  4.2 

23973 


Concern  has  been  expressed  as  to  the  ultimate  impact  of  OSHA 
requirements  which  presently,  for  65,000  Naval  Shipyard  employees, 
amounts  to  over  $3,500  per  employee. 

Currently  the  Maritime  Administration  and  Navy  are  jointly 
funding  a detailed  study  by  Safety  Sciences  (May  1977)  of  OSHA 
Standards  as  they  apply  to  the  Shipbuilding  and  Repair  (SB/SR)  Indus- 
try. The  Long  Beach  Navy  Shipyard  will  act  as  Project  Manager. 

The  general  scope  of  this  study  is  as  follows: 

. Approximately  two  years  will  be  required  to  achieve 

the  following  major  OSHA  Project  objectives. 
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Identify  and  document  SB/SR  industrial  operations 

Identify  and  document  OSHA  standards  applicable  to 
the  SB/SR  industry 

Develop  proposed  standards  where  voids  in  needed  cov- 
erage exist 

Determine  financial  impact  of  implementing  standards 
which  are  not  generally  implemented  within  the  industry 

Determine  probable  safety  and  health  benefits  of  imple- 
menting standards  which  are  not  generally  implemented 
within  the  industry 

Draft  proposed  alternative  OSHA  standards  for  those 
determined  technically  or  economically  infeasible  of 
implementation,  relative  to  benefits  expected  of  the 
original  OSHA  standards 

Prepare  the  following  fully  coordinated  SB/SR  industry 
documents  to  be  formally  proposed  by  the  industry 
advisory  panel  to  the  Department  of  Labor  for  adoption 

a.  Manual  of  SB/SR  OSHA  standards, 

b.  Management  guide  for  effective  implementation 
of  the  SB/SR  OSHA  Manual;  to  include  internal 
audit,  documentation,  analysis  and  implementing 
guidelines. 


4.  ENVIRONMENTAL  LEGISLATION  HAS  HAD  A SIGNIFICANT  IM- 
PACT ON  THE  SHIPBUILDING  INDUSTRY 


No  assessment  of  the  United  States  shipbuilding  industry  would  be  com- 
plete or  conclusive  without  putting  into  perspective  the  economic  impacts 
of  pollution  abatement  requirements  on  the  shipbuilding  industry's  activities. 
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The  physical  shipyard  plant  is  an  integrated  industrial  complex  and  waterfront 
facility  and  unique  in  that  they  are  subject  to  the  overlapping  authority  and 
actions  of  agencies  within  the  Federal,  State  and  local  governments  with  re- 
spect to  pollution  abatement  and  environmental  concerns. 


(1 ) 34  Shipbuilding  Installations  Surveyed  In  1972  Estimated  That 

Environmental  Requirements  Add  20  Percent  To  The  Cost  Of 

New  Facilities 


A survey  made  for  the  Commission  on  American  Shipbuilding 
of  some  34  installations  showed  the  following  range  of  expective  cost 


increases: 


Overhead  - Estimate 
Percentage  of  Change 


Industry 


Current 

Prospective 


Hourly  Production  Cost  - 
Est.  Percentage  of  Change 


Industry 


Current 

Prospective 


Hourly  Billing  Rate  - 
Est.  Assigned  Cost  ($) 


Industry 


Current 

Prospective 


Low 


+ .2% 

+ .3% 


-2% 

-7% 


+ .01 
+ .01 


High  Average 


+50% 

+53% 


-4.2 

+7.1 


+28%  +3.2% 

+30%  +5.4% 


+1.38  +.19 

+1.72  +.54 
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Facilities  Improvement  - 

Est.  Additional  Cost  Expended  (%) 


Industry  0%  100%  20% 

Specific  Maintenance  - 

Est.  Additional  Cost  Incurred  (%) 

Industry  0%  75%  12.6% 

Additional  Man-Days  Expended 
for  Environmental  Matters 

Industry  -0-  6525  1 378 

Data  shown  represents  inputs  of  what  34  installations  are  or 
will  experience  economically  and  operationally  for  environmental 
considerations.  The  facilities  owned  and  operated  by  the  responders 
represent  79  percent  of  the  major  shipyards  in  the  United  States.  The 
current  and  projected  increases  in  overhead,  hourly  production  cost, 
hourly  billing  rates  are  significant  and  definitely  will  impact  the 
future  competitive  viability  of  the  industry. 

5.  SINCE  1969  MINORITY  EMPLOYMENT  HAS  INCREASED  BY  62.5 
PERCENT  AS  COMPARED  TO  1 .3  PERCENT  FOR  OTHERS 

In  addition,  EEO  legislation  which  has  promoted  the  employment  and 
advancement  of  minorities,  women  and  the  handicapped  has  been  felt  in  some 
shipyards  in  terms  of  productivity  loss  due  to  needed  training  and  a certain 
lowering  of  morale  among  experienced  non-minorities  because  of  real  or  imag- 
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inary  loss  of  expected  advancement  opportunities  or  simple  prejudice.  To  our 
knowledge,  no  effort  to  quantify  this  effect  has  been  released  from  the  various 
shipyards. 

An  analysis  of  the  records  of  the  Office  of  Civil  Rights,  U.S.  Mari- 
time Commission  shows  that  advances  that  have  been  made  in  promoting  minor- 
ity employment  in  the  shipbuilding  industry.  Since  1969,  employment  has 
grown  about  13  percent,  representing  14,965  jobs.  Of  this  growth,  13,703 
went  to  minorities  and  1,266  went  to  non-minorities.  This  represents  a 62.5 
percent  increase  in  minority  employment  and  1 .3  percent  growth  for  non- 
minorities. 

The  growth  of  minority  employment  as  a percent  of  total  employment 
is  shown  on  Figure  D.44.  Minorities  now  occupy  28.1  percent  of  the  jobs 
as  of  1/77  compared  to  19.6  percent  in  1969.  Figure  D.45  shows  the  per- 
centage increase  of  minority  employment  in  various  categories.  This  shows 
a great  increase  in  white  collar  employment  (over  160  percent)  and  a shift  in 
the  blue  collar  ranks  from  un-skilled  and  semi-skilled  to  skilled  categories. 
Skilled  crafts  such  as  welders,  shipfitters,  machinists,  etc.  has  increased  77 
percent. 
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FIGURE  D .44 


MINORITY  EMPLOYMENT  CHANGE  AS  A % 
OF  TOTAL  WORK  FORCE  IN  SHIPBUILDING 


SOURCE:  MARITIME  ADM. 
2/18/77 


FIGURE  D.45 


MINORITY  GROWTH  IN  % 
FROM  1969  TO  1977 


g SOURCE:  MARITIME  ADM. 

W 2/18/77 
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FIGURE  D.4 6 

MINORITY  EMPLOYMENT  CHANGE  AS 
A % OF  TOTAL  WORK  FORCE  AT 
NEWPORT  NEWS 
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The  growth  of  minority  employment,  at  Newport  News  for  example, 
as  a percent  of  total  employment  is  shown  on  Figure  D.46.  Minorities  now 
occupy  36.2  percent  of  all  jobs  as  of  January  1977  compared  to  27.5  percent 
in  1969.  Figure  D.47  illustrates  the  percentage  increase  of  minority  employ- 
ment in  various  categories  and  emphasizes  the  trend  to  white  collar  employ- 
ment and  a shift  in  the  blue  collar  trades  from  unskilled  and  semi-skilled  to 


skilled  categories.  The  increase  in  skilled  crafts  such  as  welders,  shipfitters, 
machinists,  etc.,  has  been  43.3  percent. 


FIGURE  D.47 


MINORITY  EMPLOYMENT  GROWTH 
IN  % FROM  1969  TO  1977 
NEWPORT  NEWS 


K>U»CF 
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(1 ) The  Overoll  Impoct  Of  Sociol  Legislation  During  The  Lost 
Ten  Yeors  Is  Believed  To  Be  Substontiol 

A review  of  published  data  on  impact  of  social  legislation  upon 
shipyards  indicates  that  no  recent  overall  evaluation  has  been  made. 
The  study  on  this  subject  made  for  the  Commission  on  American  Ship- 
building in  1973  remains  the  latest  overall  analysis  on  the  subject. 


The  shipyards  visited  during  the  course  of  this  study  point  to  a 
substantial  increase  in  overhead  costs  and  decline  in  productivity  as 
reflecting  the  long  term  price  being  paid  for  these  social  improvements. 
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Today  one  of  the  most  onerous  of  these  legislative  acts  is  the 
rising  cost  of  working  mens  compensation  under  LHWCA  on  the  one  hand 
and  EEO  legislation  requiring  the  hiring  of  the  handicapped  who  are 
considered  high  risk  employees  on  the  other. 

Another  enigma  is  the  urging  of  the  shipyards  by  Navy  and 
MarAd  on  the  other  hand  to  improve  facilities,  new  piers,  ways  docks 
etc.,  and  the  resistance  to  those  improvements  by  Federal,  State  and 
local  environmental  laws  and  procedures.  The  high  price  of  technical, 
administrative  and  legal  funds  involved  on  both  sides  of  these  issues 
increase  the  cost  to  the  shipyard  and  the  procurement.  In  the  end  it  is 
all  paid  for  by  the  taxpayers. 
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1 1 Introduction  and  Scope 

This  study  of  shipyard  overhead  and  overhead  cost 
drivers  forms  part  of  the  detailed  review  of  Navy's  cost  estimat- 
ing procedures  and  the  elements  that  make  up  their  estimates  of 
costs  which  is  being  performed  for  the  Navy  under  Contract  No. 
N00024-77-C-2013  by  International  Maritime  Associates,  Inc. 

Particular  concern  has  been  expressed  relative  to  the 
fact  that  over  the  past  ten  years  overheads  in  the  shipbuilding 
industry  have  risen  from  a range  of  60  to  80%  of  Direct  Labor  $s 
to  a range  of  90-120%  of  Direct  Labor  $s . 

This  study  therefore  concentrated  on  the  following 

areas : 

• Identification  of  factors  that  have  driven 
overhead  rates  up  over  the  past  several 
years  and  analysis  of  the  effect  of  each 
major  overhead  cost  drivers  • 

• An  analysis  of  the  possible  courses  over- 
head cost  drivers  could  take  in  the  next 
5 years  and  the  effect  on  overhead  rates. 

• A brief  analysis  of  the  increases  in  over- 
head charged  to  a ship  due  to  extended  build- 
ing periods. 

• Verification  of  current  state  of  the  art  with 
respect  to  overhead  estimating  and  forecast- 
ing and  based  thereon  the  consideration  of 
how  the  Navy  Estimating  procedures  may  most 
adequately  project  the  shipyard  overhead  on 
ships  contracted  for  and  constructed  over  a 
period  of  several  years  after  the  original 
estimate  was  prepared. 
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2 . Analysis  of  Overall  Shipbuilding  Cost  Factors 


In  order  to  obtain  perspective  with  respect  to  the  ^ 
growth  in  overhead  referred  to  in  the  introduction  we  studied^ 
actual  costs  incurred  on  six  different  ship  contracts  covering 
14  ships  with  an  aggregate  target  cost  value  of  more  than 
$1.3  billion.  These  ships  were  built  in  one  yard  in  the  time 
period  1967  to  1977.  The  target  cost  figures  were  adjusted 
for  change  orders  and  esculation  before  comparisons  with 
actual  were  made.  The  results  are  summarized  in  the  following 


tabulation : 

Composi- 
tion of 
adjusted 
target 
cost 

Cf 

SO 

Composition 
actual  cost 
(Target  cost  = 

of 

100) 

Growth 
of  actual 
over 
target 
cost 

r 

sc 

Composi- 

tion 

of 

actual 

cost 

< X 

sc 

Labor 

39 

60 

53 

40 

Material 

38 

40 

5 

30 

Overhead 

23 

40 

74 

30 

Total  cost 

100 

140 

40 

100^ 

The  7A%  growth 

in  overhead 

$’s  is  indeed 

startling  in 

relation  to  the  53%  growth  in  labor  $'s  and  confirms  the 
desirability  of  further  analysis  of  overhead  cost  "drivers’'. 

For  further  perspective  it  is  to  be  noted  that  labor 
hours  grew  by  only  19%,  construction  span  time  (start  of 
construction  to  delivery)  grew  by  44%  but  change  order  hours 
(Navy  estimate)  grew  by  only  5.5%. 


3.  Analysis  of  Overhead  Cost  Elements  & Identification  of 
Cost  Drivers 


During  the  period  in  question,  the  shipyard's  targeted 
manning  was  never  achieved,  as  reflected  in  the  growth  in 
construction  span  time,  and  the  ratio  of  indirect  to  direct 
employees  was  subject  to  significant  fluctuations  - for 
reasons  which  are  outside  the  scope  of  this  study. 
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Analysis  of  Overhead  Cost  Elements  & Identification  of 
Cost  Drivers  (continued) 

To  permit  comparison  of  year  to  year  costs  without  the 
"background  noise"  of  varying  manning  levels  the  absorption 
of  fixed  and  other  overhead  charges  was  made  based  upon  the 
employment  of  16,300  equivalent  direct  employees  at  40  hours 
per  week  and  3,500  indirect  personnel  during  the  period  1969  - 
1975. 

For  analysis  purposes  it  appeared  reasonable  to  group  the 
various  individual  elements  into  nine  categories  of  overhead 
falling  into  three  major  catagories  as  follows: 

• Human  Related  "Variable"  Costs 

• "Semi-Variable"  Costs 

• "Fixed"  Costs 

The  overhead  composition  is  described  in  more  detail  in 
Table  I.  It  should  be  emphasized  that  these  groupings  shown 
in  Table  I,  while  adequate  for  this  study  are  not  based  on 
in-depth  analysis,  are  not  recommended  as  such,  and  they  will 
in  practice  vary  between  shipyards,  based  on  their  individual 
accounting  practices. 

Correction  of  the  historical  data  for  level  employment 
revealed  the  comparative  costs  per  direct  labor  employee  by 
element  of  overhead  as  shown  in  Table  II. 

Table  II  shows  that  the  1969  - 75  compound  rate  of  growth 
for  labor  $s  was  6.3%  per  year.  Overhead  as  a whole  grew  at  a 
compound  rate  of  11.8%  per  year,  the  growth  rate  for  its  major 
elements  being: 

• Human  Related  "Variable"  Costs  - 11.53% 

• "Semi-Variable"  Costs  23.40% 

• "Fixed"  Costs  6.5  % 

As  might  be  expected  the  chief  driver,  because  of  the  $ ' s 
involved,  in  the  human  related  costs  was  fringes  and  benefits 
at  13.4%,  although  maintenance,  bid  and  proposal,  I R&D  grew  at  a 
21.8%  rate. 


TABLE  I 


OVERHEAD  COMPOSITION 


Elements 

Human  Related  ’’Variable” 
Costs 

• Indirect  Labor 

• Maintenance  Labor, 

Bid  8t  Proposal 
Expense  81  IRSiD 


• Fringes  & Benefits 


’’Semi-Variable”  Costs 

• Maintenance  Si 

repair  material 

• Energy  Costs 


• Information  process- 

ing/home office 
expense 

’’Fixed"  Costs 

• Depreciation  81 

Others 

• Fixed  repairs 


• General  overhead 


Composition 


Supervisory,  Clerical 
and  Misc.  Personnel 

Maintence  of  building, 
tools,  calibration 
of  tools,  independent 
research  Si  develop- 
ment , & proposal 
expense 

Allowed  vacations, 
holidays,  workmen’s 
compensation,  disa- 
bility, pensions 


Maintenance  Si  repair 
material,  acquisition 
of  consumable  tools 

Electricity,  coke, 
fuel  oil,  coal,  gas 

Inter-company  fees, 
home  office  expense, 
computer  service 
charges 


Taxes,  depreciation  & 
insurance 

Assumed  to  be  subcon- 
tracts & materials 
for  major  mainten- 
ance S:  subject  to 
capitalization 

Water,  sewage,  supplies, 
rentals,  accounting  Si 
legal  expense , misc . 
material,  service 
charges,  material  Sz 
subcontracts  for  bid 
Se  proposal  Si  IR&D, 
advertising,  inven- 
tory adjustments, 
stores  expense,  inter- 
est expense,  state 
taxes . 


Variabil" 


Variable  with 
D.L. 

Variable  with 
D.L. 


Variable  with 
D.L.  8:  I .L. 


Partly  vari- 
able with 
D.  L. 


Partly  va^ 
able  with 
D.L. 


Partly  vari 
able  with 
D.L. 


Fixed 

Fixed 


Primar i 
Fixed 


ly 
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3.  Analysis  of  Overhead  Cost  Elements  L Identification  of 
Cost  Drivers  (continued) 

The  chief  driver  under  semi-variable  costs  was  home 
office  charges  and  information  processing  at  66%,  with  energy 
costs  being  second  at  21.4%. 

Table  II  also  includes  the  writer's  "guesstimate"  as  to 
the  possible  rate  of  growth  by  category  for  each  of  the  nine 
elements  of  overhead  as  well  as  of  direct  labor  and  the 
resultant  projected  1980  costs  per  employee. 

It  will  be  noted  that  the  overhead  as  a % of  direct 
labor  grew  from  60.5%  in  1969  to  81.9%  in  1975  but  in  1980  it 
could  be  back  to  76%. 

The  total  labor  and  overhead  $ cost  to  the  U.  S.  Navy 
per  direct  labor  employee  went  from  approximately  $13,000 
in  1969  to  $21,000  in  1975  and  could  reach  $32,000  in  1980. 

The  1969  - 75  compound  growth  rate  of  8.5%  compares  with 
the  BLX-CPI  rate  (1967  - 100)  of  6.47%. 

In  order  to  further  understand  the  cost  drivers,  Table 
III  was  prepared  This  shows  each  of  the  elements  as  a com- 
ponent of  the  total  overhead  rates  of  60.5%  in  1969  and  81.9% 
in  1975  The  increase  or  (decrease)  during  the  period  and  the 
• percentage  contribution  to  the  overhead  rates  is  shown.  We 
have  also  estimated  the  approximate  degree  to  which  each  of 
the  elements  is : 

• Fixed  by  previous  decisions 

• Shipyard  controllable 

• Home  office  controllable 

or  • Driven  by  external  pressures. 

It  is  significant  that  human  related  overhead  contributed 
71.5%  of  the  overhead  growth  rate.  Within  that  category  52.3% 
constituted  fringes  and  benefits  which  in  our  opinion  were 
80-90%  driven  by  external  pressures.  A breakdown  of  fringes 
and  benefits  by  its  elements  and 'their  growth  over  a six  year 
period  ending  in  1975  is  shown  in  Table  IV.  During  that  time 
they  more  than  doubled. 
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ANALYSIS  OF  OVERHEAD  COST  DRIVERS 
MOVEMENT  OF  OVERHEAD  ELEMENTS  AS  A % OF  DIRECT  LAHOR  $'S 

1 9fi9  to  1975 
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Note:  Totals  do  not  add  exactly  due  to  rounding. 


TABLE  IV 


Analysis  of  Fringes  and  Benefits 


(Adjusted 


for  Constant  Workload) 


% 


Increase 

driven  by 

in  yearly 

% 

external 

payments 

of  total 

cost 

1969-1975 

increase 

pressures 

Changes  in  Benefits  Mandated 

by  Law ^millions) 

Old  Age  Benefits  FICA 

7.2 

18.41 

100 

Workmen’s  Compensation 

1.4 

3.58 

80 

Unemployment  Compensation 

.2 

.51 

100 

Subtotal 

8.8 

22.5 

Other  Benefits 

Vacation 

8.7 

22.25 

75 

Group  Insurance 

9.0 

23.01 

80 

Holiday 

4.6 

11.76 

100 

Pension  Fund 

4.8 

12.28 

100 

Thrift  Plan 

3.5 

8.95 

80 

Disabi lity 

.1 

.25 

Allowed  Time 

.3 

.76 

• 

Sick  Leave 

(.7) 

(1.79) 

Severance  Pay 

- 

- 

Subtotal 

30.3 

77.5 

Total  1969-1975 

Increase  39.1 

100 

80-90 

Note:  Total  adjusted  fringe  package  - 1975  approximately 

$67  Million. 


5. 


3.  Analysis  of  Overhead  Cost  Elements  & Identification  of 
Cost  Drivers  (continued) 

This  probably  represents  a "catch”  in  this  area  and 
as  noted  in  our  guesstimate  for  the  next  5 years  (Table  II),  we 
would  expect  the  compound  rate  of  growth  for  fringes  to  drop  to 
6%  from  the  13.4  rate  in  the  period  1969  - 1976,  whereas  we  would 
expect  the  rate  of  growth  of  direct  labor  $s/employee  to  rise 
to  10%. 

Energy  costs,  water  sewage  are  all  opportunity  areas  for 
cost  savings  by  efficiency  and  conservation.  Increases  in  bid 
and  proposal  and  I.R.&D  while  reimbursable  under  ASPR 
certainly  represent  areas  for  constructive  audit  as  would  the 
subject  of  home  office  charges. 

While  the  %'s  shown  by  element  of  overhead  cost  and 
overall  overhead  %'s  as  traditionally  applied  in  Navy  cost 
estimating  and  budgeting  are  useful  as  an  end  product,  it  is 
obvious  that  no  meaningful  analysis  of  overhead  at  any  level 
can  be  made  unless  specific  costs  are  considered.  Such 
analysis  of  the  discrete  costs  is  now  only  performed  by  DCAA 
and  their  audit  does  not  necessarily  establish  with  NAVSEA 
management  the  full  potential  for  cost  savings. 

The  changing  % composition  of  the  overhead  by  its  ele- 
ments during  the  years  1969  - 75  and  as  "guessed"  for  1980 
are  shown  in  Table  V which  may  give  further  emphasis  as  to 
the  need  for  analysis  of  discrete  numbers  mentioned  above. 


TABLE  V 


STEADY  STATE  MODEL 


COMPOSITION  OF 

OVERHEAD  (%) 

• 

1969 

1975 

1980 

Guesstimate 

Human  Related  "Variables" 

• 

Indirect  labor 

30.9 

22.5 

21.3 

• 

Indirect  Repair  Si  IR&D  Si 

Bid  Si  Proposal,  Tools 

5.5 

9.2 

10.  5 

• 

Fringes  8i  Benefits 

38.9 

42  .'5 

40.0 

Subtotal 

75.4 

74.2 

71.8 

"Semi-Variable”  Costs 

• Maintenance  Si  repair 

material 

• Energy  costs 

• Information  process- 

ing/home office  expense 

Subtotal 


"Fixed"  Costs 


• Depreciation  Si  Others 

7.0 

4.0 

3.1 

• Fixed  Repairs 

2.0 

1.9 

1.8 

• General  Overhead 

8.7 

7.5 

9.7 

Subtotal 

17.7 

13.4 

14.6 

Total 

100% 

100% 

100% 

3.1 

3.3 


2.0 

5.4 


1.9 

6.0 


. o 


5.0 


6.9  12.4 


5.7 


1 O 
XU 


I 


6. 


4 . Effect  of  Delay  on  Overhead  Rate 

Because  naval  shipbuilding  programs  in  the  last  decade 
have  been  subject  to  delay  or  expansion  of  the  construction 
span  time  it  was  requested  that  this  study  include  some 
discussion  of  the  effect  of  delay  on  the  overhead  rate. 

Assuming  a stable  workload,  any  delay  in  construction 
will  almost  certainly  increase  the  overhead  rate  and  there- 
fore the  project  cost.  To  illustrate  this  effect  we  have 
prepared  a hypothetical  example’,  shown  in  Table  VI . For 
simplicity  we  have  assumed  that  the  project  represents  100% 
of  the  yard's  capacity,  that  the  actual  construction  time 
stretch  is  twice  the  schedule  of  two  years  and  that  it  is  due 
to  external  forces.  We  have  shown  the  budget  and  three 
separate  cases: 

Case  1.  A well  managed  stretch  out 

Case  2.  A questionably  managed  stretch  out 

Case  3.  Case  2 adjusted  for  10%  esculation 

In  the  well  managed  stretch  out,  prompt  and  effective 
management  response  to  the  external  force  maintains  the  labor 
efficiency  and  reduces  variable  overhead  in  timely  manner. 

The  result  is  that  the  overhead  rate  increases  by  20  points 
(from  80  to  100%  of  direct  labor  $s)  and  the  "price”  to  the 
Navy  increases  by  6.5%. 

In  case  2,  there  is  a 10%  drop  in  labor  efficiency  due 
to  slow  management  reaction  and  "variable"  overhead  is  not 
curtailed.  The  overhead  increases  by  65  points  to  145%  and 
the  "price"  to  the  Navy  by  29%.  With  10%  esculation  added, 
the  price  increases  by  55%. 

The  effect  of  delay  on  overhead  cost  is  therefore 
significant  even  where  labor  costs  are  kept  under  control. 
Since  the  promptness  and  effectiveness  of  management  response 
to  delay  factors  is  at  best  difficult  to  judge  and  with  the 
preponderance  of  current  contracts  being  cost  type  or  incen- 
tive contracts  including  esculation  factors  and  as  long  as 
the  government  pays  claims  for  overruns  of  budget  overheads 


4 . Effect  of  Delay  on  Overhead  Rate 


it  would  appear  to  be  vital  that  personnel  of  the  highest 
quality  and  training  in  the  complexities  of  shipbuilding 
and  shipyard  management  be  assigned  to  monitor  and  con- 
structively influence  contractor  performances . 
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Ship  Cost  Estimating  in  NAVSEA 


8. 


5.1  Current  State  of  the  Art  - Overhead  Estimating  and 
Forecasting 

5.1.1  Budget  Estimates 

01G  provides  an  estimate  in  the  form  of  an  average 
or  "most  reasonable"  overhead  % to  direct  labor  based  on 

• past  overhead  rates  bid  on  both  Navy 
and  J.1ARAD  in  the  yard  or  yards  most 
likely  to  receive  the  work  in  question, 

• judgments  solicited  from  various  sources 
as  to  projected  work  load  as  compared  to 
the  past 

• a resultant  "guesstimate"  as  to  the 
future  labor  rate. 


Recent  attempts  have  been  made  to  obtain  and  use 
overhead  audit  reports  (as  developed  by  DCAA  Resident 
Offices)  of  actual  overhead  rates  and  projected  rates, 
including  supporting  detail  by  various  elements  of  over- 
head. This  data  coupled  with  availability  of  data  f:^^ 
OlG's  annual  economic  forecast  would  allow  01G  to  make 
their  forecasts  with  more  confidence.  So  far  specific 
data  by  elements  of  overhead  has  only  been  available  from 
one  shipyard. 


5.1.2  Competitive  (Advertised)  Fixed  Price  Bids  (currently 
little  used  in  ship  procurement) 

The  budget  forecast  is  updated  by  soliciting  current 
overhead  rates  from  the  cognizant  SUPSHIPS  and  or  DCAA’s 
the  yards  expected  to  bid.  MARAD  is  also  solicited  for 
latest  bid  rates.  Based  on  this  01G  prepares  an  "average 
or  "reasonable"  overhead  rate  and  submits  to  the  negotiat 
prior  to  bid  opening.  (Ditto  for  labor  and  material.)  I 
low  bid  is  reasonable,  there  is  no  further  analysis  of  th 
cost  elements  including  overhead.  If  there  is  significan 
difference  and  a buy-in  is  suspected  the  negotiator 
notifies  the  bidder  of  a possible  loss  situation  and^n.1 
bid  overheads  and  other  cost  elements  are  reviewed  by  the 
cognizant  DCAA  office. 
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9. 


5.1.3  Negotiated  Fixed  Price/Incentive  Fee 

Where  it  is  contemplated  to  negotiate  a fixed  price 
with  a sole  source,  no  independent  estimates  of  cost  includ- 
ing overhead  are  prepared  or  used  as  a reference,  unless  the 
contracting  officer  deems  it  desirable. 

The  contractor’s  proposal  is  subjected  to  a technical 
Analysis  Review  (TAR)  procedures  (see  5.1.5)  in  conjunction 
with  an  audit  evaluation  by  the  cognizant  DCAA  field  office. 
Briefly  the  TAR  establishes  the  reasonableness  (for  the 
contractor  concerned)  of  the  material  quantity,  quality 
weights,  and  labor  manhours  and  the  audit  evaluation  of 
the  reasonableness  of  the  contractor's  proposed  labor 
and  overhead  rates  for  the  period  in  question.  The  audit 
report  is  expected  to  reflect  the  results  of  the  technical 
evaluation.  This  data  is  submitted  to  the  cognizant  con- 
tracting officer  as  a basis  for  contract  negotiations. 

Where  competitive  proposals  are  solicited  from  several 
yards  an  estimate  (independent  of  the  TAR)  is  developed. 

5.1.4  Cost  and  Incentive  Fee  or  Cost  and  Fixed  Fee 

A similar  procedure  to  that  described  above  for 
negotiated  fixed  price/incentive  fee  is  followed.  On 
large  cost  type  contracts  such  as  TRIDENT  the  contractor 
may  be  willing  to  submit  more  data  on  the  composition  of 
his  overhead  costs  as  part  of  his  proposal  and  in  advance 
of  DCAA  audit. 

5.1.5  Technical  Analysis  Review  Procedure  (TAR)  and  Audit  Report 

The  distribution  of  responsibilities  in  connection 
with  the  development  of  the  technical  analysis  and  audit 
evaluation  should  be  noted.  It  is  as  follows: 


I 


5.1.5  Continued 


Project  Engineer  - Responsible  through  the  Project 
Manager  for  coordinating  preparation  of  the  TAR 

Acquisition  Project  Manager  - (NAVSEA  PMS)  overall 
management  and  coordination  of  TAR  preparation  and  nego- 
tiation of  Technical  requirements  and  specific  responsi- 
bility for  determining  "adequacy  of  shipbuilder's  manage- 
ment, facilities,  manpower  and  the  acceptability  of 
delivery  schedule". 

NAVSEC  - Review  and  evaluate  proposal  re  material 
quantity,  quality  and  weights. 

NAVSEA  Cost  Estimating  and  Analysis  Division  (01G)  - 

Analysis  and  verification  of  contractor’s  manhours  and 
material  pricing. ' Advise  on  request.  Could  be  called  on 
for  an  independent  estimate. 

NAVSEA  08  - Analysis  and  verification  of  nuclear  plant 
costs . 

PMS  Technical  Analysis  - Coordination  and  validation  of 
data  to  contracting  officer. 

SUP SHI PS  - Technical  Analysis,  Assist  Project  Engineer 
and  PMS  teams  to  develop  quantities,  cost  manhours  and 
historical  data. 

DC  A A - (Back  up  data  from  contractor's  records  via 
Supships . ) 

Audit  Report  - DCAA  Resident  Auditor  directly  responsible 
to  contracting  officer  for  comprehensive  audit  report 
including  evaluation  of  overhead  rates. 

TAR  preparation  time  and  presumably  the  DCAA  audit 
report  on  combatant  ships  require  anywhere  from  three  4 
twelve  months. 
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11. 


5.1.6  Ongoing  .Monitoring  of  Overhead  Costs 

The  ongoing  monitoring  of  overhead  costs  is  jointly 
shared  by  the  resident  DCAA  audit  office  and  the  Supervisor 
of  Shipbuilding's  Business  Analysis  Group  which  reports 
to  the  Area  Contracting  Officer.  The  DCAA  prepares  periodic 
Audits  of  current  overheads  in  conjunction  with  pricing  of 
change  orders  and  both  organizations  participate  in  prose- 
cuting a cost  monitoring  plan  for  each  fiscal  year  in 
accordance  with  NPD  70-702-5.  This  data  is  not  currently 
supplied  to  01G . 

5.1.7  Applicability  of  DOD  Construction  7000-2  Performance 

Measurement  of  Selected  Acquisitions 

It  was  reasonably  recommended  by  NMARK  (Cost  8)  that 
7000-2  be  used  as  the  medium  for  gathering  cost  data  needed 
for  budget  and  cost  estimating  purposes  by  01G.  However, 
it  should  be  noted  that  of  the  "major"  shipyards  only  two, 
Lockheed  and  Bath,  are  "qualified"  under  7000.2,  Electric 
Boat  is  in  process  of  qualification.  At  Newport  News  there 
is  aoparantly  no  intent  to  qualify.  The  writer  sees  no 
reason  why  data  under  7000-2  cannot  be  provided  at  the 
summary  level  suggested  as  necessary  for  meaningful  analysis 
elsewhere  in  this  report.  At  the  present  Lockheed  reports 
cite  only  one  overall  overhead  figure. 

With  respect  to  detailed  overhead  cost  data  supplied 
by  contractors  in  support  of  proposals,  the  writer  has 
verified  that  this  is  available  at  two  shipyards: 

Newport  News  (1975  - procurement  of  several 

submarines  Fixed  Price/Incentive  Fee) 

Electric  Boat  (Trident  Proposal  - Cost  Type 
Contract ) 

In  the  case  of  the  Newport  News  Data  it  was  held 
in  the  DCAA  file  at  the  request  of  the  -Company  and  only  a 
projected  overhead  % was  submitted  to  the  contracting 
officer.  The  TRIDENT  data  is  in  the  contracting  officer's 
file. 
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5.2  Overall  Factors  Bearing  on  the  Adequacy  of  the  Navy's 
Cost  Estimates  and  Evaluation  of  Contractor's  Cost 
Proposals 


5.2.1.  Distribution  of  Organizational  Responsibilities 

It  is  to  be  noted  that  while  there  is  provision 
for  covering  all  aspects  of  the  cost  picture  in  develop- 
ing estimates  and  reviewing  contractor's  cost  proposals 
the  responsibilities  are  shared  among  eight  or  nine 
organizational  entities,  the  process  takes  from  three 
to  twelve  months  and  in  effect  the  whole  burden  of 
estimate  adequacy  (except  for  budget  estimates)  appears 
to  fall  on  the  contracting  officer.  See  ASPR  3-801.2. 

In  the  specific  matter  of  overhead,  except  for 
budget  estimates,  there  appears  to  be  no  responsibility 
assumed  within  NAVSEA  other  than  by  the  contracting 
officer  and  this  is  delegated  to  the  cognizant  DCAA 
audit  office  . 

Since  the  minimum  overhead  for  combatant  naval 
ships  in  a period  of  price,  wage  and  managerial 
stability  is  in  the  order  of  25%  of  the  shipbuilder's 
cost  in  some  cases  probably  more  than  30%  it  would 
appear  that  more  attention  by  NAVSEA  and  specifically 
SEA  01,  Deputy  Commander/Controller  (and  within  01  by 
01G  cost  estimating  and  analysis  division)  is  merited. 

Thus  it  would  appear  reasonable  and  even  mandatory 
that  01G  be  given  a more  comprehensive  mission  with 
respect  to  monitoring  overhead  costs  in  major  contractor's 
yards,  development  of  a data  bank  and  memory  for  those 
costs  and  responsibility  to  form  independent  estimates 
for  overheads  on  negotiated  procurements. 

Overhead  data  from  audits  is  available  via  DCAA  in 
each  of  the  shipyards  regardless  of  the  applicability  of 
7000.2  and  the  data  should  be  obtained  at  a sufficient 
level  of  detail  (10-12  summary  accounts  would  do  it)  so 
that  OlG's  analyst  can  understand  its  composition,  the 
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5.2  Overall  Factors  Bearing  on  the  Adequacy  of  the  Navy's 
Cost  Estimates  and  Evaluation  of  Contractor’s  Cost 
Proposals  (continued) 

5,2.1  Distribution  of  Organizational  Responsibilities  (continued) 

various  cost  drivers  within  it  and  relate  them  to  their 
economic  indicators.  Table  III,  prepared  using  actual 
overhead  data  from  a major  shipyard  shows  the  minimum 
detail  considered  appropriate. 

Organizationally,  the  diffused  responsibility  for  the 
reasonableness  of  the  various  elements  of  ship  costs, 
including  overhead  which  has  the  contracting  officer  as 
the  focal  point  plus  the  reviews  of  the  estimate  at  two 
levels  above  NAVSEA  appears  to  put  the  Commander,  NAVSEA 
almost  into  a titular  position  with  regard  to  cost  esti- 
mates. In  this  regard,  and  in  reference  to  the  Bureau 
system  prevailing  up  until  the  mid  1960’s  the  NMARK  cost 
panel  stated: 

"The  Bureau  chiefs  felt  a vary  personel  responsibility 
for  the  cost  estimates  and  budget  figures,  the 
development  and  performance  of  the  weapons  and  the 
overall  weapons  acquisition  program.  The  Congress, 
the  Secretary  of  the  Navy  and  the  Chief  of  Naval 
Operations  knew  who  was  responsible.” 

Some  reorganization  and  realignment  of  responsibility 
for  cost  estimates  within  NAVSEA  may  help  to  restore  this 
focus  along  with  the  elimination  of  at  least  one  of  the 
higher  reviews.  Also  it  would  be  prudent  to  follow  good 
commercial  practice  and  always  have  an  independent  cost 
estimate  for  a contract  being  let  on  a cost  basis. 

However,  factors  largely  beyond  the  present  control 
of  NAVSEA  have  important  influence  on  ship  costs  as  dis- 
cussed in  5.2.2,  4.2.4  and  5.2.6.  These  must  be  satis- 
factorily addressed  at  DOD  level  before  full  accountability 
for  costs  can  be  restored  at  NAVSEA  command  level. 
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5.2  Overall  Factors  Bearing  on  the  Adequacy  of  the  Navy's 
Cost  Estimates  and  Evaluation  of  Contractor's  Cost 
Proposals  (continued) 


5.2.2.  Policy  on  "Reasonableness”  of  Contractor  Costs 

One  also  notes  the  recurring  emphasis  in  various 
manuals,  procedures  and  directives  on  auditing  and 
evaluating  the  resonableness  of  costs  within  the  content 
of  a contractors  past  practice  and  environment.  Speci- 
fically, Section  IV  e,  Technical  Analysis,  Guidelines 
and  Techniques,  of  the  unofficial  NAVSEA  TAR  manual 
states : 

"The  purpose  of  the  TAR  analysis  is  to  determine 
whether  the  data  and  logic  submitted  by  the 
contractor  reasonably  support  the  conclusion 
(price,  delivery  schedule)  of  contractor.  The 
technical  analysis  is  not: 

• To  be  made  on  the  basis  of  an  independent 
estimate 

• A personal  evaluation  by  the  technical 
analyst 

• Based  upon  comparing  a similar  scope  of 
work  in  another  shipyard,  private  or  Naval" 

This  policy  apparently  stems  from  ASPR. 

Thus  in  the  absence  of  an  independent  yardstick 
estimate  there  is  no  real  means  of  determining  at  NAVSEA 
level  that  the  Navy  and  the  U.S.  taxpayer  are  getting 
their  monies  worth  on  negotiated  fixed  price  incentive 
contracts  and  cost  type  procurements.  Determining  reason- 
able allowability  and  accuracy  of  a contractors  accounting 
practices  through  audit  of  contractor’s  costs  does  not 
insure  that  a shipyards  direct  labor  manhours  reflect  an 
acceptable  level  of  productivity  or  that  its  cost,  includ- 
ing overhead  costs,  reflect  acceptable  management  practices 
and  management  effectiveness. 
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5.2.3  Pre-award  Determination  of  "The  adequacy  of  ship- 

builder's management,  facilities,  manpower  and 
acceptability  of  delivery  schedule" 

This  study  did  not  include -any  investigation  of  the 
depth  and  effectiveness  of  pre-award  surveys  of  "the 
adequacy  of  shipbuilders  management,  facilities,  manpower 
and  acceptability  of  delivery  schedule".  Presumably  this 
is  a team  effort  involving  the  cognizant  PMS,  075,  077  and 
the  local  supships.  Based  on  the  frequency  with  which 
contractors  have  been  unable  to  perform  in  accordance  with 
their  proposal,  this  would  appear  to  be  an  area  where 
considerable  more  effort  should  be  expended  as  a means  of 
avoiding  schedule  delays  and  cost  growth  resulting  from 
overloading  of  yard  facilities,  management  capability  or 
the  labor  market  involved. 

For  example,  if  a shipyard  cannot  comply  with  the 
principles  of  7000.2,  their  ability  to  manage  a naval 
shipbuilding  program  of  any  magnitude  must  be  seriously 
questioned . 

If  audit  of  a particular  yard’s  ability  to  handle 
the  project  has -less  than  positive  results  and  if  no 
acceptable  alternative  is  available,  the  Navy  would  at 
least  be  forwarned  to  exercise  extraordinary  precautions 
in  the  monitoring  and  auditing  of  performance  so  as  to  better 
perceive  potential  delays  and  overruns  and  insure  that 
contractors  take  remedial  actions  and  recast  targets 
accordingly . 

5.2.4  The  Claims  Phenomenon  and  Its  Effect  on  Ongoing  Costs 

The  situation  described  under  5.2.1  and  5.2.2  is 
not  improved  by  the  claims  phenomenon  where  the  bulk  of 
the  claims  on  fixed  price  contracts  attempt  to  justify 
recovery  of  full  costs  incurred  plus  interest.  Claim 
entitlement  techniques  based  on  this  philosophy  permeate 
all  levels  of  shipyard  management  where  they  are  espoused. 


5.2.4  Continued 
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Further  the  procedures  that  are  put  in  effect  arc  the 
antithesis  of  the  steps  that  should  be  taken  to  manage 
the  program  in  question  within  the  budget.  They  tend  to 
promote  overruns  by  perverting  constructive  management  • • 
philosophy  and  practices  at  all  levels  of  the  organization 
and  diverting  management  skills  from  timely  planning  and 
execution  of  ongoing  work.  The  effect  on  all  elements  of 
direct  and  overhead  costs  are,  in  the  writers  opinion, 
substantial . 

5.2.5  Handling  of  Overhead  Costs  in  Claims 

An  examination  of  several  recent  shipbuilder  claims 
was  made  to  determine  whether  contractor  data  would  give 
any  insight  into  overhead  cost  drivers.  The  results  were 
negative.  Claim  costs  assume  credit  for  incurred  over- 
head and  which,  as  a % of  overrun  direct  costs,  has  gen- 
erally been  given  tacit  acceptance  in  connection  with 
audits  for  change  order  pricing  and  advance  pricing 
proposals . 

Apparently  the  question,  of  entitlement  for  overrun 
overhead  $ costs  in  claims  has  never  been  questioned  as  such, 
but  with  overhead  costs  having  increased  markedly  over  the 
last  decade  and  if  the  allocation  of  responsibility  for  costs 
in  Table  III  of  this  study  is  reasonably  accurate  then,  with- 
out taking  into  account  the  effect  of  any  schedule  slippage 
and  assuming  an  82%  overhead,  34  of  .these  overhead  points  *.re 
variable  overhead  within  the  control  of  the  shipyard.  To  the 
degree  that  they  are  excessive  from  the  point  of  view  of 
optimum  shipyard  management  - as  opposed  to  acceptability 
from  an  accounting  point  of  view  there  is  massive  opportunity 
for  subtle  but  progressive  deterioration  in  the  ability  of 
Navy  to  predict  or  control  its  costs.  Vice  versa  the  oppor- 
tunity to  avoid  the  incurrance  of  unnecessary  costs  through 
the  stimulation  of  good  management  practices  on  the  part  of 
the  few  shipbuilders  that  remain  in  the  combatant  ship  busi- 
ness is  there  and  should  be  fully  exploited. 
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5.2.6  Other  Major  Policy  Issues 

Other  important  factors  affect  the  Navy's  ability 
to  control  costs  of  ship  procurement  programs.  These 
are : * 

1.  The  subcontracting  of  most  of  the  Navy's 
"Scope”  engineering  - often  to  the  very 

contractors  who  will  eventually  con- 
struct the  ships. 

2.  The  elimination  of  shipbuilding  in  the 
Naval  shipyards. 

3.  The  concentration  of  combatant  ship  pro- 
grams in  but  three  major  yards. 

In  consequence  of  steps  1 and  2,  taken  some  years  ago, 
the  ability  of  NAVSEA  as  a whole  and  its  SUPSHIPS  offices 
to  apply  the  requisite  degree  of  "know-how"  based  on 
experience  in  its  appraisal  of  contractor  cost  proposals  . 
and  in  its  on-going  monitoring  of  contract  cost  perform- 
ance on  fixed  price/incentive  fee  contracts  and  cost 
type  contracts  must  by  now  have  been  seriously  eroded. 

It  must  be  successfully  addressed  if  NAVSEA  "control" 
over  ship  procurement  costs  is  to  be  achieved. 

Substantial  training  programs  for  naval  officers  and 
civil  servants  including  DCAA  in  private  shipyards  might 
be  one  solution.  However,  the  reversal  of  steps  1 and  2 
above  would  appear  to  be  more  practical  and  have  the 
greatest  potential.  For  example: 

• On-going  generation  of  in-house  engineering 
and  shipbuilding  capability  would  be  assured. 

• With  7000.2  applied  to  new  construction  in 
the  Navy  Yards  there  is  no  reason  why 
these  cannot  be  meaningful  comparisons  of 
costs  in  Naval  and  Commercial  yards.  . 

• The  Navy  would  not  be  as  dependant  on  sole 
sources  as  at  present . 

Item  3 of  course  eliminated,  along  with  the  benefits 
of  competition,  sources  of  data  on  ship  costs  and  overheads 
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5.2.6  Cont inucd 

At  least  one  step  has  been  taken  to  reverse  step  3 
above  with  Bath  now  building  the  prototype  of  a new 
class  of  vessel. 

5.2.7  Observed  Improvements  in  NAVSEA  and  SUPSHIPS  and  DCAA 
Operations 

Several  improvements  are  apparent  in  the  organization 
of  NAVSEA  as  compared  to  its  predecessor  organizations 
which  may  offset  in  part  the  erosion  in  overall  technical 
capability  noted  in  5.2.6.  Three  of  pertinence  to  manage- 
ment of  costs  and  cost  control  are: 

1.  P.M.S.  organizations  are  far  more 
cognizant  of  costs,  cost  elements  and 
more  active  in  tracking  them  than  were 
the  old  BUSHIPS  "desks”. 

2.  Business  analysis  groups  in  SUPSKIPS 
offices  are  an  excellent  concept  and 
in  the  one  office  visited  analytical 
studies  of  high  merit  are  being  pre- 
pared . 

3.  The  DCAA  operational  audits  being  per- 
formed with  technical  support  from 
SUPSHIPS  personnel  are  comprehensive 
and  penetrating  and  must  have  important 
beneficial  impact  on  a shipbuilders 
cost  performance. 

With  a better  funded  01G  cost  estimating  and  analysis 
effort  which  would  enable  the  assimilation  of  data  and 
development  of  a memory  for  pertinent  data  - it  would 
be  most  rewarding  for  01G  to  establish  much  better 
communications  with  these  groups  and  for  that  matter 
with  other  sources  such  as  the  contracting  officers 
negotiating  data  files  on  costs. 
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5.2.7  Continued 

If  the 'Navy  can  reverse  the  erosion  of  its  ship- 
building "know  how"  and  improve  the  technical  support 
given  to  DCAA  in  their  audit  function  there  appears  to 
be  ample  opportunity  for  improved  cost  "control"  and 
budget  performance  well  beyond  current  achievement. 

5.3.  01G  Overhead  Estimating  Staff,  Data  Bank  and  Procedure 

The  01G  staff  totals  approximately  24  persons,  twelve 
in  cost  estimating  and  twelve  in  cost  analysis.  One  per- 
son (GS12)  in  the  cost  analysis  group  spends  40%  of  his 
time  on  the  analysis  of  and  projection  of  overhead  cost 
%'s  for  all  shipyards.  As  noted  elsewhere,  he  has  data 
from  one  yard  in  slightly  more  detail  than  that  shown  on 
Tables  III  and  IV.  Budgets  for  congressional  submission 
stem  from  this  effort  (see  5.1).  Three  shipyards,  Newport 
News,  Litton  and  Electric  Boat  probably  account  for  70%  or 
more  of  the  total  S's  spent  on  naval  new  construction  in  the 
United  States.  There  are  no  more  than  10  others  building, 
or  with  any  imputed  capability  of  building,  naval  ships. 

The  total  expenditures  on  overhead  $s  in  private  ship- 
yards building  naval  ships  was  not  verified  but  it  must 
be  in  the  order  of  $500  M per  year  or  greater  in  the  above 
3 yards  alone.  The  size, of  the  number  alone  would  indicate 
greater  attention  to  overhead  costs  at  NAVSEA  level. 

If  there  is  to  be  any  meaningful  analysis  of  overhead 
cost  factors  at  NAVSEA  level  (by  01G)  and  development  of 
a reasonable  capability  for  making  responsible  independent 
estimates  of  overhead,  it  is  the  writers  estimate  that  the 
present  nominal  effort  should  be  augmented  by  an  overhead 
cost  group  comprising  at  least  3 GS  13s  or  14s  who  have  the 
following  qualifications: 

• A degree  in  Naval  architecture  and  Marine 
Engineering . 

• 2-3  years  experience  in  actual  shipbuilding  and 

ship  design.  , 

t 

• A MA  degree  in  business  management . 
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5.3  01G  Overhead  Estimating  Staff,  Data  Dank  and  Procedure 

(continued) 

These  should  be  supplemented  by  an  equal  number  of  secretary- 
clerks  and  a travel  budget  which  would  have  each  of  these  3 
principals  in  the  field  (where  the  information  is)  at  lease 
1/3  of  the  year. 

It  should  be  noted  that  the  NMARK  study  noted  the  need 
for  increasing  the  budget  for  01G  and  numerous  requests  have 
been  generated  and  endorsed  up  through  the  Chief  of  Naval 
Operations  with  but  scant  results  to  date. 

Additional  staffing  would  then  enable  01G  to  use  over- 
head estimating  procedures  analagous  to  those  used  in  private 
industry.  In  addition  to  the  availability  of  specific  $s 
by  overhead  account  which  could  be  related  to  economic  cost 
drivers  they  should  also  have  up  to  date  forecast  work 
loads  from  the  various  yards  which  include  all  firm  business 
in  hand  plus  a best  estimate  as  to  the  likely  and  a best 
guess  as  to  potential  business.  This  data  should  be  avail- 
able both  from  SUPSHIP  and  075.  With  it  in  hand  and  kept 
up  to  date  the  confidence  factor  with  respect  to  the  realism 
of  OlG's  budget  estimate  for  overhead  should  greatly  improve 
and  01G  would  be  able  to  make  meaningful  "independent" 
estimates  of  overhead  costs  for  us  in  support  of  "independent" 
estimates  of  ship  costs  as  a cross  check  of  the  TAR/audit 
check  of  contractors  proposals  for  negotiated  procurements. 
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5.4  Optimum  Application  of  7000-2  - Performance  Management 
of  Selected  Acquisitions 

7000-2  appears  to  offer  the  best  hope  for  systematic- 
ally collecting  data  pertinent  to  improvement  of  cost  analysi 
estimating  and  forecasting  within  NAVSEA  as  well  as  the  Navy' 
overall  "control”  over  shipbuilding  costs. 

With  respect  to  overhead  cost  elements  the  overhead 
accounts  need  not  be  standardized  between  yards  but  the  data 
must  be  provided  by  meaningful  summary  accounts. 

In  a well  managed  shipyard  experienced  in  building 
combatant  ships  for  the  Navy  the  incremental  cost  of  com- 
pliance with  7000.2  could  scarcely  be  measured.  A good 
commercial  yard  starting  from  scratch  to  qualify  under 
7000.2  might  temporarily  add  two  percentage  points  to  its 
overhead  rate. 

As  noted  elsewhere,  the  Navy  will  only  be  able  to 
take  full  advantage  of  the  better  visibility  of  contractor’s 
operations  and  its  improved,  better  organized  data  base  to 
the  degree  that  it  is  staffed  in  the  appropriate  spots  with 
the  requisite  technical,  and  managerial,  and  analysis  skills 
that  have  been  developed  in  the  process  of  actual  building 
ships  as  opposed  to  supervision  or  auditing  thereof.  (The 
shipbuilding  skill  problem  is  discussed  under  Section  5.2.6 
of  this  report . ) 

Assuming  however,  that  7000.2  can  be  applied  in  all 
yards  building  combatant  ships  and  the  "skills"  problem  is 
solved,  then  the  use  of  7000.2  can  be  extended  and  made  to 
pay  off  even  further  to  the  advantage  of  both  the  Navy  and 
the  contractor  and  to  an  extent  that  is  perhaps  not  yet 
fully  perceived. 

This  would  be  by  developing  from  the  7000.2  data  base 
a computerized  (deterministic)  network  of  the  program  includii 
all  specific  tasks  involved  in  the  engineering,  design,  plan 
approval  and  construction  of  the  ship(s)  and  the  progress- 
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5.4  Optimum  Application  of  7000.2  - Performance  Management 
of  Selected  Acquisitions  (continued) 

ing  the  contract  in  terms  of  the  model.  Since  the  timeli- 
ness and  appropriateness  of  management  and  engineering 
decisions  in  the  eary  part  of  the  program  set  the  stage 
for  schedule  and  cost  performance  including  overhead  costs 
and  since  the  feedback  from  the  network  or  "model”  to  both 
contractor  and  Navy  would  be  simultaneous  important  improve- 
ments in  communications,  timely  actions  on  changes  of  all 
classes  and  better  control  of  individual  shipbuilding  pro- 
grams from  all  aspects  should  accrue.  Not  the  least  of  these 
would  be  manageable  data  base  of  actual  direct  costs  for 
finite  tasks  of  defined  scope  and  a matching  overhead  costs  for 
defined  accounts. 

Such  a model  developed  for  a private  shipowner  has 
proved  practical  in  connection  with  a commercial  shipbuilding 
claim.  It  has  the  potential  for  tremendous  benefits  in  the 
field  of  claim  avoidance. 
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Summary  of  Findings  and  Recommendations 

It  must  be  recognized  that  this  study  was  of  limited 
duration  and  involved  examination  of  overhead  costs  from  but 
one  shipyard.  Thus  while  it  was  in  sufficient  depth  to  model 
the  various  elements  of  overhead  with  respect  to  their 
variability  and  sensitivity,  the  data  should  not  be  used  as 
a basis  for  forecasting  the  future  course  of  overhead  costs 
without  analysis  of  a broader  data  base. 

In  analysing  the  elements  of  overhead  we  took  some 
liberties  in  dividing  the  elements  up  between 

• Human  related  "variable"  costs 

• "Semi-Variable"  costs 

• "Fixed"  costs . 

The  first  two  catagories  are  largely  variable  with  direct 
labor  and  have  increased  as  a % of  total  overhead  from  33%  in 
1969  to  86.6%  in  1975  and  we  guess  that  they  could  be  about 
the  same  in  1980.  These  variable  costs  are  of  course  extremely 
sensitive  to  direct  labor,  its  efficiency  and  the  effectiveness 
of  the  shipyard  management  system.  The  efficiency  of  the 
management  system  will  also  be  reflected  in  the  level  of 
indirect  employees  required  and  the  % of  indirect  to  direct 
labor.  We  did  not  attempt  to  quantify  this  effect  on  the  over- 
head rate  except  in  our  modeling  of  the  effect  of  delay. 

Neither  did  we  in  this  study  attempt  to  quantify  the  effect  of 
labor  turnover,  absenteeism,  training  costs  and  variations  in 
workload  or  overhead. 

"Social"  pressures  for  higher  fringe  benefits  have  been 
an  important  driving  force  in  increasing  both  overhead  $s 
and  overhead  rates  (see  Table  IV) . Changes  mandated  by  law 
have  increased  substantially  between  1969  and  1975  and  repre- 
sented 23%  of  the  total  rise  due  to  social  pressures,  which  in 
total  more  than  doubled  the  1969  fringe  package.  Dramatic  as 
these  increased  have  been  they  should  not  becloud  the  fact 
that  fringes  along  with  the  bulk  of  overhead  are  variable  costs 
and  in  that  sense  controllable. 
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We  have  not  repeated  in  this  summary  the  results  of  our 
analysis  of  overhead  costs  which  can  best  be  assimilated  by 
scanning  Tables  I through  V inclusive  and  Table  VI  which 
models  the  effect  of  delay  on  overhead. 

The  study  results  speaks  strongly  for  consistent  and 
continuing  use  and  analysis  of  overhead  data  at  NAVSEA  level 
for  all  important  shipyards  and  the  results  as  represented  by 
the  tables  and  discussion  thereof  in  the  body  of  the  report 
along  with  the  results  of  our  investigation  of  organization 
and  procedures  form  to  basis  of  our  findings  covered  in 
Section  5 and  the  recommendations  which  follow. 

Recommendations ; 

1.  The  overhead  cost  area  in  private  shipyards  build- 
ing Naval  ships  represents  a fertile  field  for 
analysis,  constructive  operational  audits  by  DCAA 
and  the  Navy  and  potential  for  costs  savings  by 
stimulating  improved  management  of  the  yards. 

2.  Analysis  of  overhead  costs  at  NAVSHIP  level  should 
be  provided  for.  It  is  meaningless  to  do  it  in 
terms  of  overhead  percentage.  It  should  be  done  using 
specific  costs  and  at  least  to  the  degree  of  detail 
suggested  in  the  exhibits  to  this  report. 

3.  Program  delays  do  affect  overhead  costs  signifi- 
cantly. The  promptness  and  effectiveness  of  manage- 
ment reponse  to  delay  will  determine  the  amount  of 
overhead  delta  generated.  It  is  therefore  vital  that 
personnel  of  the  highest  quality  and  training  in 
complexities  of  shipbuilding  and  shipyard  management 
be  assigned  to  monitor  and  constructively  influence 
contractor  performance  on  cost  and  incentive  fee 
contracts . 
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6 . Summary  of  Findings  and  Recommendations  (continued) 

Recommendations  (continued) 

4.  It  would  appear  reasonable,  profitable  and  even  mandator; 
that  01G  be  given  a far  more  comprehensive  mission  with 
respect  to  monitoring  overhead  costs  in  major  contractor 
yards,  development  of  a data  bank  and  memory  for  those 
costs  and  responsibility  to  develop  independent  esti- 
mates for  overheads  on  negotiated  procurements  using 
data  from  the  shipyards  that  can  be  conveniently  channel* 
through  7000-2  reports  where  7000-2  is  applicable. 

5.  In  conjunction  with  4,  above  NAVSEA  should  review  its 
organization  and  procedures  for  cost  estimates  which  now 
heads  up  to  the  contracting  officer  as  the  focal  point. 

At  least,  prudence  would  indicate  the  need  for  having 
independent  NAVSEA  estimates  regardless  of  the  type  of 
contract . 

6.  Full  accountability  for  costs  and  cost  estimates  at  NAVSi 
level  will  not  be  possible  until  the  important  influence.' 
on  costs  that  are  at  present  beyond  the  control  of  NAVSE. 
are  satisfactorily  addressed  at  DOD  level.  These  are: 

• Correction  of  ASPR  regulations  and  ASBCA 
philosophy  which  encourages  contractors  to 
believe  they  that  through  the  "claims"  route 
recover  substantially  on  cost  overruns  regard- 
less of  fault,  thus  infecting  their  organiza- 
tions with  philosophies  and  procedures  which 
in  themselves  generate  excess  and  unjustifi- 
able costs . 

• Restoring  the  engineering  and  shipbuilding 
capability  and  know-how  of  NAVSEA  by 
reestablishing  on-going  in-house  ship  "scope" 
engineering  and  design  and  reintroduction  of 
shipbuilding  in  Naval  shipyards:  needed  for 
many  reasons  - but  specific  to  this  report 

to  reinforce  the  DCAA/SUPSIIIP  audit  function 
and  therefore  the  Navy’s  ability  to  illumin- 
ate the  potential  for  improved!  management  of 

rh.Lpyn<{s. 
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6 .  Summary  of  Findings  and  Recommendations  (continued) 
Recommendations  (continued) 

7.  Review  the  handling  of  overhead  costs  in  claims  with 
respect  to  acceptability  in  those  areas  where  effec- 
tiveness of  shipyard  management  can  be  questioned. 

8.  Fund  01G  consistent  with  the  mission  relative  to 
overhead  costs  suggested  in  4 above. 

9.  Organize  a drive  to  better  apply  7000-2  and  realize 
the  benefits  to  both  Navy  and  shipyards  that  are  to 
be  gained  from  its  use  including  its  "potential" 
for  generating  timely,  truely  effective  management 

of  shipbuilding  projects  by  both  Navy  and  contractors 
and  to  the  end  of  excess  cost  and  "claim"  avoidance. 

10.  Intensify  the  depth  of  pre-award  determinations  of 

"the  adequacy  of  shipbuilder's  management  facilities, 
manpower  and  accountability  of  delivery  schedule". 
Where  any  or  all  of  these  elements  are  in  question, 
and  if  an  award  is  contemplated,  make  final  award 
and  funding  contingent  on  the  shipbuilder  developing 
an  acceptable  management,  manufacturing  and  produc- 
tion plan  and  proving  it  in  a simulated  exercise  of 
perhaps  a computerized  model. 
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SUMMARY 

The  purpose  of  this  report  is  the  review  and  evaluation  of  a number 
of  factors  which  affect  shipyard  productivity  either  in  terms  of  physical 
output  per  labor  hour  or  in  terms  of  final  cost  or  both.  The  evaluation  is 
based  on  a survey  at  a number  of  major  shipyards,  which  have  extensive 
experience  in  Naval  shipbuilding,  and  at  several  other  organizations  and, 
in  part,  on  previous  experience  and  studies. 

An  order  of  importance  for  most  of  the  factors  and  a quantitative 
evaluation  for  a few  has  been  established  on  the  basis  of  the  survey.  Most 
of  the  participants  in  the  survey  considered  it  impossible  to  make  a 
sufficiently  accurate,  general  quantitative  estimate  of  the  potential  effect 
of  the  factors  on  productivity.  A great  degree  of  agreement  on  the  general 
nature  of  these  effects  was  developed  in  the  survey  and  is  presented  in  the 
report. 

In  addition,  a range  of  quantitative  effects  has  been  estimated, 
based  on  the  author's  general  experience  and  other  recent  studies.  Estimated 
ranges  of  productivity  and  cost  effects  of  related  estimating  factors  had  been 
developed  previously.  They  were  published  in  a paper  on  estimating  at'  the 
last  annual  meeting  of  the  Society  of  Naval  Architects  and  Marine 
Engineers.  In  discussion  at  the  meeting  the  approach  to  the  problem  and 
the  ranges  of  magnitued  assigned  to  the  factors  were  not  questioned. 

On  the  basis  of  the  survey  and  the  above  studies  it  is  concluded  that 
A combined  maximum  unfavorable  effect  of  a.11  factors  may  lead  to  doubling 

i 

the  labor  hours  and  increasing  cost  by  half  over  previous  performance. 
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ii 

It  is  extremely  important,  therefore,  to  evaluate  all  factors,  including 
some  judgment  of  magnitude  where  a more  accurate  method  is  not 

I 

I 

available,  and  to  adjust  accordingly  base  estimates,  which  are  based  on 
previous  performance. 

For  procurements  involving  offers  from  several  shipyards  it  is 
advisable  to  repeat  this  process  for  each  shipyard  separately.  The 
individual  factors  may  have  quite  different  effects  from  each  other  for 
any  program  and  different  effects  for  different  shipyards  in  the  program. 
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INTRODUCTION 

This  report  is  prepared  for  the  International  Maritime  Associates 
in  accordance  with  a mutual  agreement  of  the  11th  of  January,  1977,  and 
a work  outline  of  the  same  date.  The  purpose  of  the  study  is  the 
identification  and  analysis  of  the  effect  of  a number  of  factors  on  shipyard 
productivity  which,  in  turn,  affects  Navy  estimating  of  shipbuilding  costs. 

Productivity  can  be  considered  either  in  terms  of  output  per  unit 
of  labor- -hour s , mandays,  etc.  --or  output  per  unit  of  labor  cost--labor 
dollars,  labor  and  overhead  dollars--or  some  other  combination  of  costs 
of  production.  Some  of  the  factors  affect  labor  hours,  others  the  cost  of 
labor,  some  affect  both  as  well  as  other  production  costs. 

In  some  cases  it  is  possible  to  arrive  at  a quantitative  evaluation 
of  the  effects.  For  many  factors  this  study  must  be  limited  to  general 
analysis  and  identification  of  trends  and  orders  or  ranges  of  magnitude. 

The  factors  considered  in  the  study  are: 

1.  Stability  of  operations, 

2.  Labor  availability  and  turnover, 

3.  Automation  and  mechanization, 

4.  Shipyards'  engineering  capabilities, 

5.  Learning  (series  production), 

6.  Social  legislation  (OSHA,  EPA,  EEO,  FICA,  etc.  ), 

7.  Training  programs, 

8.  Labor  agreements, 

9.  Increased  complexity  of  ships, 
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10.  Shipbuilding  market, 

11.  Inflationary  trends, 

12.  Other  economic  trends, 

13.  Special  Navy  considerations: 

a.  Contract  form  and  administration 

b.  Changes  under  the  contract 

c.  Inspection  and  plan  approval 

d.  Quality  control 

e.  GFM  and  GFI 

f.  Delays 

g.  Overall  complexity 

Some  of  these  factors  affect  productivity  directly,  others  only  through 
their  impact  on  general  operating  conditions.  Some  must  be  considered 
in  either  of  these  two  groups,  depending  on  the  measures  of  production 
which  are  used. 


A great  variety  of  productivity  measures  has  been  used  in 


shipbuilding. 

Some  of  the  more  frequently  used  are: 

F or 

input 

i. 

Direct  labor  hours 

2. 

Total  labor  hours 

- 

3. 

Total  employment 

4. 

Total  cost  of  labor 

5. 

Capital  investment  - total  or  annualized 

6. 

Combined  cost  of  labor  and  capital 

F or 

output  - 

1. 

Value  added 

2. 

Compensated  gross  registered  tons  (merchant  ships), 

3. 

Ton-mile  per  unit  time  carrying  capacity  (merchant  ships) 

4. 

Tons  of  structural  steel  processed,  using  various 

weighting  factors 

5. 

Mission  effectiveness 

The  conclusions  concerning  productivity  will  depend  to  a considerable 
extent  on  the  selection  of  the  measures.  Even  the  units  for  the  measure 
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which  is  selected  are,  to  a degree,  a matter  of  accepted  procedures, 
conventions  and  some  judgment. 

Classification  of  hours  as  direct  or  indirect,  for  example, 
depends  on  accounting  procedures  which  differ  between  U.  S.  yards  and 
differ  very  widely  internationally.  Cost  of  labor  depends  on  the 
accounting  treatment  of  some  costs,  e.  g.  , accrual  or  current  costing 
of  such  items  as  vacations  and  on  direct  or  overhead  charging  of  labor 
related  costs.  Capital  costs  records  are  effected  by  depreciation  rules 
and  procedures.  Value  added  is  distorted  in  inflationary  periods. 
Compensated  gross  registered  tons  depend  on  the  internationally  agreed 
conversion  factors.  Structural  steel  is  a good  measure  for  relatively 
simple  and  similar  ships,  such  as  tankers  and  simple  break  bulk 
carriers,  but  even  there  the  weighting  faqotrs  inject  a very  large  element 
of  judgment.  Mission  effectiveness  is  almost  entirely  a matter  of 
judgement,  even  with  the  most  rigorous  and  complex  models  and  it  is 
rarely,  if  ever,  available  for  actual  full  scale,  controlled  operating 
tests. 

The  way  in  which  this  affects  the  various  factors  is  discussed  in 
the  fourth  section  of  this  report- -Evaluation  of  Factors.  The 
treatment  of  the  factors  in  estimating  is  considered  in  the  next  following 
section- -Effects  on  Estimating. 

In  selecting  the  measures  for  this  report  importance  was 
attached  to  continuity,  so  as  to  be  able  to  consider  trends.  This 
required,  measures  which  are  reasonably  stable,  i.  e.  , are  affected  as 
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little  as  possibly  by  cyclical  and  other  changes  external  to  the  shipyard. 
This  is  discussed  further  in  the  next  section. 

GENERAL  APPROACH 

The  collection  of  information  and  the  analysis  made  for  this 
report  were  directed  to  three  principal  objectives: 

1.  Obtain  discussions  of  the  factors  and  their  effects  from 
shipyards  and  other  valid  sources,  supported  in  all  cases  by  reasons 
and  general  experience  and,  when  possible,  by  specific  quantitative  data. 

2.  Obtain  from  shipyards  information  on  their  experience  of  the 
effects  of  the  factors  in  Naval  construction  in  particular. 

3.  Obtain  general  statistical  data  showing  conditions  in  the 
national  economy  and  contemporaneous  conditions  in  shipbuilding.  The 
information,  if  possible,  to  cover  a sufficient  period  to  show  trends. 

Available  sources  of  information  related  to  shipbuilding  costs 
and  problems  were  sought.  In  all  cases  productivity  was  discussed  in 
some  detail.  The  results  of  the  interviews  were  analyzed  and  combined. 

Relationships  between  the  factors  and  trends  over  time  were 
studied. 

Universal  measures  of  shipyard  output  do  not  exist.  The  effects 
of  the  factors  are  therefore  evaluated  in  terms  of  their  impact  on  the 
input.  To  maintain  continuity,  the  measures  used  are  total  labor  hours 
or  employment.  In  a few  cases,  such  as  PICA  and  inflationary  trends, 
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cost  of  labor  and  material  are  considered  and  discussed  separately. 
While  the  evaluations  are  based  on  the  above  measures,  they  are  not, 
as  discussed  previously,  necessarily  quantitative. 

One  quantitative  indicator  of  the  overall  long-term  labor 
productivity  trends  in  the  construction  of  merchant  ships  is  available. 
This  is  the  output  of  compensated  gross  registered  tons  (CGRT)  per 
employee  per  year.  It  is  widely  used  and  was  used  by  the  Commission 
on  American- Shipbuilding  to  show  trends  of  labor  productivity  in  U.  S. 
shipyards  for  a ten-year  period-- 1960-70.  The  study  has  been 
extended  by  the  author  for  five  year s -- 1 97  1 - 1 975- -using  consistent 
methods.  While  it  does  not  include  any  Naval  construction,  it  does 
include  the  shipyards  which  did  or  are  doing  both  Naval  and  merchant 
shipbuilding  and  it  gives  a clear  indication  of  the  general  trend  in  labor 
productivity  in  these  yards  over  an  extended  period. 

Where  the  information  obtained  supports  a consensus  this  is 
stated  in  the  report.  In  some  cases,  a range  of  opinions  resulted  from 
the  interviews;  this  is  reported  accordingly.  The  author's  conclusions 
are  stated  separately. 

The  consensus  or  range  of  opinions  and  the  author's  conclusions 
concerning  individual  factors  are  presented  in  the  fourth  section  of  the 
report- -Evaluation  of  Factors.  The  sources  of  information  and  the 
limitations  of  the  study  are  discussed  in  the  next  section. 
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SCOPE 

Sources  of  Information 

The  nature  of  the  information  underlying  this  report  has  been 
discussed  in  the  previous  section.  The  sources  were: 

Major  United  States  shipyards 
Naval  architects  and  other  consultants 
Industry  organizations 
Government  agencies. 

The  shipyards,  Naval  architects  and  other  consultants  which 
were  interviewed  were  selected  on  the  basis  of  being  engaged  in  Naval 
construction  or  design  at  present,  or  having  been  engaged  in  it  in  the 
recent  past  and  having  shown  interest  in  re-entering  the  Navy  market. 
All  those  approached  responded  to  the  inquiries.  In  almost  all  cases 
the  interviews  and  discussions  were  at  the  senior  management,  in  one 
or  two  cases  at  the  senior  technical  level.  Because  of  the  nature  of 
.the  information  and  opinions,  organizations  and  individuals  who 
supplied  it  are  not  identified  in  the  report. 

Relevant  previous  reports  were  also#consulted.  Some  of  the 
principal  publications  are  listed  in  the  bibliography. 
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The  Principal  Factors 

The  factors  listed  in  the  introduction  may  not  be  all  which  affect 
shipyard  productivity.  They  are,  however,  all  which  have  significant 
effects.  They  can  be  classified  in  the  following  groups: 

1.  Internal  shipyard  conditions  (factors  1,3,  4,  5,  8) 

2.  Form  of  contract  and  contract  administration  (factors  13a-f) 

3.  Economic  conditons  including  labor  market  (factors  2,10,  11,  12) 

4.  Specifications  and  technology  (factors, 9,  13g) 

5.  Legislation  and  regulations  and  their  interpretation  (factors  6,  7) 
The  types  of  impacts  on  productivity  by  these  groups  are  shown  in  Table  1. 
The  effect  on  productivity  can  be  measured  with  any  accuracy  only  in  some 
of  the  cases.  The  relation  of  the  different  factors  to  the  technology  of  the 
ship  and  of  production  is  also  indicated  in  the  table. 

Limitations 

Quantitative  conclusions  are  limited  by  the  nature  of  available 
information.  Even  when  a reasonably  reliable  quantitative  evaluation  is 
possible,  the  effects  may  be  different  in  different  shipyards,  for  different 
types  of  shipbuilding  programs  and  under  different  conditions  of 
performance. 

Actual  records  of  the  impacts  of  different  factors  on  productivity 
are  almost  nonexistent.  In  almost  all  cases,  quantitative  statements 
concerning  gains  or  losses  of  productivity  were  based  on  estimates. 

Data  were  furnished  and  opinions  expressed  with  the  understanding 
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that  the  sources  and  specific  items  of  information  would  be  treated  as 
confidential. 

These  conditions  impose  limitations  on  the  scope.  The  very  short 
allowed  time  is  a further  limitation. 

EVALUATION  OF  FACTORS 

Information  was  received  from  fourteen  organizations  including 

seven  major  shipyards;  three  were  government  agencies  and  one  a major 

% 

manufacturer,  only  general  information  was  obtained  from  them.  The 
opinions  presented  in  the  subsections  of  this  section  are  those  of  the 
shipyards,  Naval  architects  and  industry  organizations.  The  information 
was  obtained  in  interviews  in  all  cases  and  supplemented  by  written 
reports  in  a few. 

Each  of  the  factors  listed  in  the  Introduction  is  discussed  separately 
in  this  section.  Some  of  the  factors,  however,  are  interrelated,  e.  g.  , 
stability,  shipbuilding  market  and  other  economic  trends.  Each  of  the 
factors  affects  more  than  one  of  the  variables  which  enter  into  the 
preparation  of  estimates  and  bids  and,  in  almost  all  cases,  more  than  one 
factor  affects  any  one  of  the  variables.  (See  Table  2) 

In  a number  of  cases,  therefore,  several  factors  were  grouped 
together  in  discussion  during  the  interviews.  Where  this  occurred,  it  is 
noted  in  the  relevant  subsections.  The  opinions  of  the  participants  are 
summarized  in  each  of  the  subsections.  An  overall  summary  and  the 

i 

author's  opinions  are  presented  in  the  last  part  of  this  section-- 


Quantitative  Evaluation. 
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Monetary  measures  would  be  difficult  and,  possibly  misleading 
during  the  recent  and  still  continuing  period  of  high  inflationary  rates. 
Wherever  possible,  therefore,  the  interviews  discussions  of  quantitative 
effects  on  ranking  of  the  factors  were  in  terms  of  manhour  input  and 
physical  output.  The  discussion  in  the  report  is  on  the  same  basis, 
unless  noted  otherwise. 

The  manhour  basis  also  has  the  advantage  of  continuity  when  trends 
over  time  are  considered.  It  was  used  in  estimating  productivity  trends. 

Stability 

Stability  is  the  operating  condition  for  optimum  productivity,  --the 
measure  of  or  point  of  reference  for  the  evaluation  of  the  actual  past, 
present  or  projected  productivity.  Stability,  or  the  lack  of  it,  affects 
primarily  labor  hours  and,  to  a much  lesser  extent,  cost  factors  such  as 
fringe  benefits,  FICA,  overhead  in  general,  etc. 

It  includes  not  only  a stable  level  and  composition  of  the  workforce, 
but  also  continuity  of  type  of  workload,  the  structure  and  manning  of  the 
organization,  stability  of  methods,  tools  and  facilities.  This  does  not 
imply  that  all  of  these  will  or  should  remain  constant,  but  that  the  affect 
of  departures  must  be  carefully  considered  in  estimating. 

Of  the  ten  participants  whose  opinions  were  solicited  all  but  one 
ranked  stability  as  the  principal  factor  affecting  productivity.  The  one 
different  opinion  was  based  on  measuring  productivity  in  monetary  terms; 
in  this  one  case,  inflation,  complexity,  labor  agreements  and  social 
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legislation  were  ranked  as  more  important  cost  factors  than  stability. 

In  discussion,  stability  was  coupled  with  labor  availability  and 
turnover  by  nine  participants  and  with  the  shipbuilding  market  and  other 
economic  trends  by  one. 

Five  participants  offered  quantitative  evaluations.  One  estimated 
that  lack  of  stability  would  reduce  labor  hour  productivity  by  as  much  as 
35%  below  normal  optimum  levels.  One  other  estimated  an  increase  of 
about  4%  in  total  cost  of  the  ship.  The  degree  of  departure  from  stability 
could  not  be  expressed  quantitatively.  Three  additional  opinions  on 
quantitative  effect  were  expressed  when  stability  was  discussed  in  the 
context  of  labor  availability  and  turnover;  they  are  presented  in  the  next 
s ection. 

Labor  Availability  and  Turnover 

All  participants  coupled  this  factor  with  Stability.  Most  coupled 
them  when  ranking  the  factors. 

Three  offered  quantitative  evaluations.  In  their  experience,  when 
the  workforce  is  being  built  up  above  established  levels,  the  productivity 
of  the  new  employes  averages  about  one  half  of  the  productivity  of  the 
starting  workforce  for  periods  of  one  year  and  more  in  such  crafts  as 
pipefitting  for  over  two  years. 

It  was  said,  in  discussion,  that  the  loss  of  productivity  would 
depend  on  the  magnitude  and  rate  of  buildup;  it  may  be  possible  to  absorb 
buildups  of  5%  or  even  10%  of  starting  level,  if  the  buildup  is  very  gradual. 
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Conversely,  the  loss  is  greater  than  one  half  if  the  buildup  is  very  rapid. 

It  was  the  general  opinion  that  the  rate  of  loss  is  greatest  at  first  and  tapers 
of  gradually;  the  shortest  period  for  attaining  a normal  level  of 
productivity  was  considered  to  be  one  year  in  skilled  crafts. 

The  quantitative  evaluations  were  made  for  the  fairly  recent  and  the 
present  conditions  of  the  labor  market.  The  range  of  estimated  losses  for 
the  total  force  would  depend  on  the  proportion  of  new  employes.  In  one 
case,  the  opinion  was  expressed  that  a rapid  decline  in  force  level  would 
cause  losses  of  about  one  half  the  magnitude  of  the  losses  caused  by  buildup. 

Automation  and  Mechanization 

All  participants  said  that  automation  in  the  strict  sense  was 
virtually  non-existent  in  shipyards  and,  to  the  extent  it  existed,  was  not  a 
significant  factor.  Semi-automatic  and  mechanized  operations  were  of  some 
importance , 

All  particpating  shipyards  had  made  major  investments  in  new 
facilities  in  the  recent  past.  Not  all  were  willing  to  assign  a rank  to  this 
factor.  Only  one  ranked  it  as  high  as  3,  the  others  from  6 to  11.  In  one 
case  the  principal  value  of  this  factor  was  considered  to  be  the  increase  in 
total  volume  of  output. 

t 

In  almost  all  cases,  cautions  were  voiced  concerning  start-up 
problems  of  new  facilities.  In  several  cases,  it  was  stated  that  improvements 

I 

in 'productivity  are  not  realized  for  substantial  periods  after  installation  of 

I 

. t 

new  facilities.  It  was  also  said  that,  for  some  period,  the  savings  in  labor 
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costs  are  balanced,  in  great  part,  by  the  costs  of  amortization  and 
depreciation  and  more  sophisticated  maintenance. 

Shipyards1  Engineering  Capabilities 

Opinions  varied  from  "minor  importance,  but  a positive  factor"  to 
"a  necessary  capability".  Only  about  half  the  participants  were  willing  to 
assign  a rank  to  the  factor;  when  assigned,  the  rank  was  fairly  high, 
varying  from  2 to  6. 

Learning  (Series  Production) 

Nine  of  ten  participants  assigned  a fairly  high  value  to  this  factor. 
The  ranks  varied  from  3 to  5.  There  was  one  opinion  that  learning,  in  the 
sense  of  ship  to  ship  manhour  gains,  does  not  exist  under  present  labor 
conditions . 

Quantitative  evaluations  varied  quite  widely  from  85%  to  93%  for 
each  doubling  of  the  number  of  ships.  Two  opinions  were  quite  general- - 
that  the  learning  improvement  was  greatest  for  complex  ships  and  that  the 
curve  tends  to  be  flatter  than  the  above  exponential  after  eight  or  ten  ships. 

Several  participants  pointed  out  that  the  term  "learning"  masks  a 
very  complex  process.  It  includes  individual  learning,  the  adaptation  of 
management  and  production  procedures,  the  development  of  new  methods, 
the  better  design  and  material  support  for  the  later  ships  of  a program  and 


so  forth. 
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Social  Legislation 

The  effect  of  this  factor  was  ranked  high  by  the  participating 
shipyards.  With  two  exceptions  it  was  ranked  either  4 or  5. 

In  two  of  the  above  cases  the  ranking  was  in  terms  of  cost  and  not 
manhour  productivity.  In  the  other  cases  the  effects  of  OSKA  and  EEO 
were  emphasized.  In  one  case  a very  low  importance  was  attributed  to 
this  factor,  but  it  was  pointed  out  that  this  depended  on  some  special 
operating  conditions  of  that  yard. 

In  several  cases,  the  capital  costs  arising  from  OSHA  and  EPA 
requirements  were  discussed.  It  was  pointed  out  that  over  the  last 
several  years  they  ran  well  into  the  seven  figures. 

Traning  Programs 

In  discussing  this  factor,  a distinction  was  made  by  almost  all 
participants  between  the  shipyards'  own  programs  and  government 
financed  outside  programs.  Shipyard  training,  both  school  and  on-the-job, 
was  considered  a normal  and  essential  part  of  operations  in  to-days  labor 
market.  The  comments  on  the  government  financed  programs  were  not 
favorable  in  general. 

About  half  the  participants  ranked  this  factor  number  7,  two  ranked 

i 

it  10  and  11  respectively.  In  terms  of  quantitative  evaluation,  its  effects 
were  considered  part  of  labor  availability  and  turnover.  It  was  pointed  out, 
however,  that  the  labor  hour  effects  represent  only  part  of  the  cost  of 
training  programs,  since  the  time  spent  by  trainee's  in  school  and  the  other 
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costs  of  operating  the  schools  are  charged  to  overhead. 

Labor  Agreements 

The  shipyards  which  have  labor  agreements  ranked  this  factor  from 
6 to  8.  One  yard  combined  the  effects  with  the  training  programs  for  a 
joint  rank  of  7. 

•In  general,  the  major  clauses  of  both  IUMSWA/CIO  and  AFL 
agreements  are  similar.  The  principal  emphasis  is  on  seniority,  grievance 
procedures,  arbitration,  lay-offs,  union  security  and  check-off.  The 
definition  of  fringe  benefits  is  second,  particularly  in  the  IUMSWA  agreements; 
this  includes  life  and  health  insurance,  pensions,  holidays  and  vacations. 

Safety  and  health  provisions  occupy  a prominent  place. 

In  all  yards  the  cost  of  fringe  benefits  has  been  increasing  more  than 
labor  rates.  In  general,  labor  rates  have  increased  by  about  80%  from  1965 

I 

to  1975,  earnings  have  increased  less  because  of  the  decrease  in  hours 
^worked  per  week  (Table  5).  During  the  same  period  the  cost  of  fringe 
benefits  has  increased  about  165%  on  the  average  in  most  U.S.  yards.  In 
some  of  the  yards,  participating  in  this  survey,  the  cost  of  fringes  has 
increased  substantially  more.  On  the  average,  therefore,  the  cost  of 
fringes  has  been  increasing  40%  - 50%  faster  than  the  labor  rates.  In  most 
major  yards  it  now  equals  over  40%  of  the  wage  cost. 

i 

This  has  a significant  bearing  on  another  factor  --  inflation.  The 
provisions  covering  labor  escalation  in  most  shipbuilding  contracts  are 
based  on  wage  indece,  occasionally  with  separate  provisions  for  taxes, 

e.  g.  , social  security.  The  additional  cost  of  the  more  rapid  growth  of 
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fringe  benefits  is,  therefore,  not  protected  by  the  escalator  clauses. 

Increased  Complexity 

It  was  the  general  opinion  that  the  complexity  of  all  ships  had 
increased  greatly  and  was  still  increasing  and  that  it  had  a major  impact  on 
the  cost  of  ships.  The  complexity  of  Naval  vessells  and  its  effect  is 
discussed  separately  in  the  last  subsection  of  this  section. 

The  effect  on  productivity  is  more  complicated,  because  the 
increased  cost  has  two  components.  One  is  the  actual  value  of  the  additional 
hardware  and  the  increased  difficulty ' of  the  more  complex  work;  the  other 
is  the  cost  of  inefficiencies  caused  by  the  complexity. 

The  inefficiencies  arise  from  congestion,  interferences,  more 
extensive  testing,  equipment  incompatibilities,  equipment  failures,  greater 
difficulties  with  vendor  information,  problems  of  vendor  selection.  These 
are  losses  which  can  be  observed  and,  to  a great  extent  recorded.  There  is 
another  aspect  of  this  factor,  which  affects  the  overall  productivity  of  the 
yard. 

The  more  complex  work  is  almost  always  more  labor  intensive  than 

\ 

such  standard  operations  as  hull  steel,  bilge  and  ballast  and  ordinary  steel 
piping,  electrical  power  plant,  etc.  It  also  -requires  greater  or  more 
uncommon  expertise  in  engineering,  production  administration,  and 
supervision  and  more  infrequent  blue  collar  skills.  This  changes  the 
available  workforce  composition  and  imposes  demands  which  are  hard  to 


meet  in  a limited  labor  market. 


18 


There  was  a considerable  spread  of  opinions  in  ranking  this  factor, 
from  1 to  five  and  one  very  low  rating  of  12. 

Shipbuilding  Market 

The  shipbuilding  market  affects  productivity  through  several  of  the 
other  factors.  Stability  is  affected  directly,  labor  turnover  through  changes 
of  programs,  mechanization  through  changes  in  funds  for  capital  investment 
with  changes  in  market  outlook,  learning  through  limitations  on  long  runs  of 
similar  ships.  Even  labor  agreements  are  affected,  because  the  business 
prospects  affect  the  positions  of  the  company  and  union  negotiatior s. 

The  shipbuilding  market  is  subject  to  great  fluctuations  worldwide. 
These  fluctuations  are  reflected  to  a great  extent  in  U.  S.  merchant  ship- 
building. The  Naval  vessel  market  varies  greatly  for  other  reasons. 

During  the  last  ten  years,  the  number  of  Naval  ships  ordered  in  one 
year  varied  from  fifty-four  (54)  to  six  (6).  The  number  of  merchant  ships 
varied  from  forty-eight  (48)  to  eight  (8).  The  highs  and  lows  of  the  two 
parts  of  the  market  did  not  coincide,  but  even  the  combined  number  varied 
from  seventy  (70)  in  1966  to  fourteen  (14)  in  1969  and  sixty-two  (62)  in 
1972.  (Source:  Shipbuilders  Council  of  America.) 

This  fluctuation  of  total  numbers  is  coupled  with  major  changes  in 
the  types  of  ships.  Most  of  the  programs  involve  long  building  periods  so 
that  the  changes  in  the  order  books  are  not  reflected  directly  in  changes  in 
operative  levels.  The  impact  on  the  factors  mentioned  above  is, 
nevertheless,  great  and  is  reflected  in  losses  of  productivity. 
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If  output  is  measured  in  dollars,  --  value  added  or  value  of 
shipments,  --  the  market  fluctuations  also  have  a direct  effect  on  apparent 
productivity.  Market  conditions  govern  pricing,  particularly  in  a market, 
such  as  shipbuilding,  comprising  few  buyers,  few  sellers  and  few  product 
units.  In  a shrinking  market  the  dollar  output  for  a given  physical  output 
will  shrink. 

The  majority  of  participants  said  that  the  market  factor  was  part  of 
or  reflected  in  stability.  Only  three  assigned  a separate  rank  to  it;  this 
varied  widely  from  1 to  6. 

Inflationary  T rends 

This  factor  is  reflected  almost  exclusively  in  the  dollar  values  of 
input  and  output.  Two  of  the  participants  pointed  out  that  it  also  affects 
employe  morale.  Two  others  said  that  major  inflationary  spurts  may  lead 
to  vendor  problems  and,  in  some  cases,  vendor  failures.  This,  in  turn, 
would  damage  material  support  and  productivity. 

Only  two  participants  assigned  an  independent  rank,  1 and  2 
respectively.  The  second  was  assigned  with  the  qualifying  statement  "at 
this  time". 

Inflationary  trends  are  not  uniform  in  different  sectors  of  the 
economy.  Inflation  will,  therefore,  tend  to  distort  productivity  measures 
in  much  the  same  way  as  was  discussed  in  the  previous  subsection. 

Other -Economic  Trends 

Only  three  participants  expressed  a direct  opinion  on  this  subject. 
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All  three  said  that  the  effect  on  productivity  was  indirect  through  one  or 
more  of  the  other  factors.  The  ranking  varied  widely  from  1 (Combined 
with  stability)  to  9. 

General  economic  conditions  affect  shipping  directly  and,  therefore, 
the  shipbuilding  market.  They  affect  inflationary  trends  and  cost  of 
materials  and  labor  as  well  as  the  availability  of  materials  and  labor.  They 
bear  heavily  on  availability  of  money  for  capital  investments. 

it  is  probably  impossible  to  project  a direct  quantitative  impact. 

It  is  possible  to  estimate  some  range  of  impact  through  other  factors  such 
as  labor  availability  and  turnover,  labor  agreements,  shipbuilding  market 
and  inflationary  trends. 

Special  Navy  Considerations 

Five  of  the  participants  combined  all  factors  in  this  group  in 
assigning  a rank.  The  others  ranked  one  or  more  of  the  component  factors. 
In  all  cases,  except  one,  the  combined  rank  or  the  rank  of  one  or  several 
of  the  component  factors  was  from  1 to  3.  The  one  exception  was  a rank 
of  8 for  productivity  in  terms  of  manhours  but  a rank  of  1 in  terms  of 
effect  on  productivity  in  dollar  units. 

The  comments  on  the  several  subheads  under  this  factor  follow: 
Contract  Administration 

All  participants  said  that  the  administrative  work,  particularly 
paperwork,  was  excessively  costly.  Several  said  that  it  impinged  on  the 
organizational  structure  and,  therefore,  affected  productivity.  Several 
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commented  in  different  terms  on  the  adversary  attitude  generated  by  the 
administrative  procedures;  it  was  said  or  implied  that  this  attitude 
caused  unproductive  efforts , complicated  the  shipyards'  management 
structure  and,  in  the  long  run,  affected  the  productivity  of  the  physical 
construction  work. 

Only  two  participants  ranked  this  factor  separately.  They  ranked 
it  3 and  7. 

Changes  under  the  Contract 

All  participants  discussed  this  factor  at  some  length.  Only  one 
ranked  it  separately.  In  all  cases  this  factor  was  identified  as  a source  of 
major  problems.  It  could  not  be  ranked  or  otherwise  evaluated  in  advance 
because  the  number,  magnitude,  configuration  and  timing  of  changes  are 
unpredictable. 

Opinions  differed  concerning  the  relative  magnitude  of  the  impact 
of  a few  major  changes  as  against  the  combined  effect  of  a great  number 
of  minor  changes.  The  participants  were  unanimous  in  the  statement  that 
the  effect  of  changes  on  productivitity  became  more  damaging  when 
changes  were  introduced  at  more  advanced  stages  of  construction.  Several 
emphasized  the  bad  effects  of  uncertainty  arising  when  the  development 
and  authorization  of  changes  extended  over  long  time  periods. 

It  was  also  an  unanimous  opinion  that  the  hours  used  and  cost  of  a 
change  exceeded  the  hours  and  cost  of  performing  the  same  work  as  part 
of  the  original  contract  and  that  the  excess  hours  and  costs  increased  as  the 
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introduction  of  the  change  was  delayed.  In  the  majority  of  discussions  it 
was  pointed  out  that  introduction  of  massive  changes  affected  the  entire 
yard  and  not  just  the  ship  or  group  of  ships  to  which  the  changes  applied. 

Inspection  and  Plan  Approval 

Few  participants  discussed  this  factor  to  any  extent.  Those  who 
did  said  that  it  was  a relatively  minor  problem.  One  or  two  mentioned 
inspection  delays,  particularly  in  testing,  as  irritants  having  some  effect 
on  morale. 

Quality  Control 

All  participants  discussed  this  factor.  With  one  exception  it  was 
ranked  individually  by  those  who  did  not  assign  one  rank  to  the  combined 
Navy  consideration.  These  ranks  varied  from  3 to  6. 

The  emphasis  in  the  discussions  was  on  the  formalized  nature  of 
the  MIL-SPEC  type  of  control.  It  was  questioned  whether  the  results 
justified  the  cost  or  improved  over  the  inspection  and  supervisory  control 
practiced  in  merchant  construction. 

GFM  and  GFI 

Only  one  participant  ranked  this  factor  separately  as  2 or  3..  The 
comments  of  the  others  varied  from  "drastic  and  unpredictable  impact" 
to  "no  problem".  Participants  whose  experienced  was  primarily  with 
combatant  ships  appeared  to  attach  more  weight  to  this  factor  than 


builders  of  auxiliaries. 


Delays 


There  was  no  discussion  of  delays  as  an  independent  factor.  They 
were  mentioned  as  a part  and  outgrowth  of  the  problems  arising  from 
contract  changes  and,  less  frequently,  in  connection  with  GFM  and  GFI. 

The  associated  costs  were  discussed.  The  emphasis  was  on 
inflationary  costs  and  on  losses  of  productivity  arising  both  from  the  - 
stand-by  nature  of  some  of  the  shipyard  service  manning  and  from  loss 
of  momentum  in  the  principal  production  crafts. 

Overall  Complexity 

This  was  ranked  separately  by  all  participants  who  did  not  assign 
a joint  rank  to  all  Navy  considerations.  The  ranks  were  1 or  2,  except 
for  one  3.  This  factor  also  was  emphasized  in  discussion. 

The  discussions  centered  on  weapons  systems  and  to  a lesser 
degree  on  complexities  in  Navy  design  of  features  which  parallel  merchant 
ships  --  e.  g.  , hull  structure.  In  weapons  systems  three  problems  were 
emphasized: 

Integration, 

Repeated  changes, 

Experimental  nature.  > 

The  three  conditions  are  interrelated  to  an  extent,  their  impact  may  be  felt 
at  different  levels  of  the  shipyard  organization  and  at  different  points  of  the 
production  process.  In  all  cases  the  impact  is  major. 

Here,  again,  the  labor  hours  and  cost  required  to  accomplish  the 
individual  work  items  • - must  be  considered  separately  from  hours  and 
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costs  of  congestion,  interferences,  delays  and  developmental  activities 
arising  from  the  integration  effort  and  the  experimental  aspects. 

Summary  of  Survey 

There  is  substantial  agreement  among  the  participants  in  the  survey 
on  most  of  the  factors.  There  was  close  agreement  on  the  order  of 
importance  of  thirteen  of  the  nineteen  factors.  Three  of  the  remaining  six 
are  factors  which  affect  productivity,  as  defined  in  the  discussions  only 
indirectly,  --  shipbuilding  market,  inflation,  other  economic  trends. 

This  does  not  detract  from  the  great  importance  of  these  factors,  but 
makes  it  very  difficult  to  evaluate  their  effect.  There  is  a tendency  to 
consider  them  through  their  effect  on  other  factors,  as  discussed  in  the 
several  foregoing  subsections. 

The  prevailing  opinion  of  the  participants  in  this  survey  concerning 
the  order  of  importance  of  the  factor  was  as  follows  (See  Table  3): 


Stability  combined  with 
labor  availability  and  turnover 

1st 

Navy  considerations 

2nd 

Learning  (Series  production) 

3rd 

Social  legislation  and 

• 

training 

4 th 

Labor  agreements 

5th 

Considerable  importance  was  attached  to  some  of  the  other  factors  by  some 
of  the  particpants,  but  there  was  no  clear  majority  opinion. 


SUMMARY  OF  SURVEY  INFORMATION 
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Ln  some  cases,  the  difficulty  of  reaching  a concensus  arose  from 
difficulty  of  defining  the  ways  in  which  the  factors  affected  productivity  or  ^ 
of  defining  and  agreeing  on  units  of  measure.  There  were  some  differences  of 
opinion  concerning  the  relative  merits  of  output  per  manhour  or  total  cost 
being  the  best  measure  of  the  effects  of  some  of  the  factors. 

Some  differences  in  evaluation  were  the  result  of  the  shipyards' 
experience  on  important  programs.  A few  differences  were  caused  by 
particular  operating  conditions  associated  with  the  shipyards'  business 
structure  or  general  background  or  location. 

The  great  majority  did  not  make  quantitative  evaluations  of  the  factors 
except  as  discussed  in  a few  of  the  foregoing  subsections.  Many  of  the 
participants  felt  that  the  way  in  which  most  of  the  factors  affect  operations, 
the  probability  of  their  occurance  and  their  extent  and  timing  are  not 
sufficiently  predictable  for  advance  quantitative  evaluation. 

In  this  respect,  the  author  differs  from  the  majority  opinion  in  part. 
This  is  discussed  in  the  next  subsection. 

Some  additional  factors  were  suggested  in  one  or  two  of  the  discussions 
They  included  location,  material  support,  planning  and  scheduling,  work 

i 

management  and  management-employe  relations. 

They  are  not  discussed  in  the  report  for  several  reasons.  As  regards 
y location,  most  of  the  yards  engaged  in  major  programs  depend  ultimately  on 
the  national  labor  market;  regional  characteristics  tend  to  be  overshadowed 
by  national  trends  when  major  numbers  of  employes  are  involved.  Where  a 
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shipyard  has  and  maintains  a stable  labor  force  this  is  a vital  factor,  but 
it  is  a characteristic  of  the  shipyard  and  its  management  rather  than  any 
local  conditions.  Material  support  interrelates  with  several  of  the  factors 
(see  Table  2)  and  will  be  considered  in  that  context.  The  several  other 
factors  are  vital  tools  and  supports  for  productivity,  but  in  the  framework 
of  this  report  it  is  considered  that  these  operations  or  conditions  must  be 
adequate  in  a shipyard  being  considered  for  the  award  of  a major  Navy 
contract.  To  some  extent,  these  latter  factors  are  also  reflected  in  such 
estimating  variables  as  pre -outfitting , detailed  planning,  process  improve- 
ments. Each  of  these  variables  interrelates  with  several  of  the  factors  in 
this  report  (see  Table  2)  and  will  be  considered  in  that  context. 

Quantitative  Evaluation 

The  assignment  of  the  quantitative  values  to  the  factors  is  difficult 
for  two  reasons : 

It  is  not  possible  to  predict  the  occurance  and  its 
time,  magnitude  and  duration  for  many  of  the 
factor  s . 

The  factors  represent  operating  conditions  rather 
than  estimating  units  or  variables.  They  are 
interrelated,  they  overlap  and  each  affects  or  is 
affected  by  a number  of  estimating  variables. 

As  discussed  in  the  foregoing  parts  of  this  section,  participants  in  the 

survey  combined  two,  three  and  more  factors  in  making  their  order  of 

importance,  qualitative  evaluations.  It  is  shown  in  Table  2,  that  each  factor 

affects  or  is  affected  by  from  one  to  ten  estimating  variables. 
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Some  ranges  of  magnitude  are  indicated  by  the  survey.  One  measure 
is  provided  by  the  quite  generally  accepted  estimate  of  the  relative  low 
efficiency  of  new  and  untrained  employes.  Two  participants  offered  fairly 
complete  quantitative  evaluations  of  the  survey  factors  or,  in  part,  similar 
and  parallel  conditions. 

One  of  these  evaluations  shows  manhours  more  than  doubling  if  all  of 
the  factors  have  their  maximum  adverse  effects.  The  second  evaluation  was 
in  terms  of  cost  and  indicates  that  total  cost  would  increase  by  about  50%, 
possibly  more,  if  all  factors  had  their  maximum  unfavorable  effect.  Assum- 
ing that  purchased  material  and  services  are  about  half  of  the  total  shipyard 
cost  and  considering  that  almost  all  of  the  factors  in  this  second  evaluation 
affect  manhours,  this  also  suggest  that  manhours  would  be  about  doubled  in 
the  maximum  adverse  case. 

It  is  this  author's  opinion  that  it  is  possible  to  assign  ranges  of 
magnitude  to  many  of  the  factors.  This  is  discussed  below. 

Stability  has  been  defined  for  the  purposes  of  this  report  as  the 
optimum  condition  of  operation.  Losses  of  productivity  caused  by  the  factors 
are  evaluated  in  terms  of  departures  from  this  condition.  The  ranges  of 
magnitude  assigned  to  these  losses  are  based  on  the  experience  and  the 

f 

studies  underlying  the  quantitative  evaluation  of  the  estimating  variables  in 
the  paper  presented  at  the  last  annual  meeting  of  the  Society  of  Naval 
Architects  and  Marine  Engineers.  In  this  case  it  was  also  concluded  that 
manhours  would  be  more  than  doubled,  if  all  variables  were  at  the  maximum 


adverse  level. 
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The  evaluation  of  the  factors  is  dis cussed  below: 

1.  Loss  of  Stability  --  this  is  best  measured  in  terms  of  accession 
of  untrained  employes  on  the  basis  that  each  such  employe/will 
work  at  one  half  normal  efficiency  for  a year  to  a year  and  a half. 
This  does  not  include  the  effects  of  losses  of  the  other  aspects  of 
stability,  discussed  previously,  if  they  occur.  A measure  for 
these  losses  is  not  available. 

2.  Labor  availability  and  turnover  --  this  is  the  basis  for  the  measure 
in  Item  1.  That  measure  is  applicable  to  the  recent  and  present 
labor  market.  Major-  changes  in  the  market  may  require  a 
re-evaluation. 

3.  Automation  and  mechanization  --  most  major  U.S.  shipyards  have 
all  or  most  mechanized  and  semi-automated  equipment  available 
for  the  industry.  In  the  case  of  major  facility  changes  to  be  applied 
to  a new  program,  the  initial  effects  will  be  adverse  because  of 
start-up  problems.. 

Most  facility  improvements  produce  large  savings  in  relatively 
small  parts  of  the  operation.  Many  are  directed  to  increases  in 
total  capability,  rather  than  increases  of  productivity,  --  e.  g.  , large 
building  docks  or  shipways. 

Finally  most  semi-automated  facilities  favor  savings  in  phases  of 
construction  which  represent  a minor  part  of  the  work  on  a Naval 
vessel.  A 20%  saving  in  hours  at  present  cost  levels  would 
probably  require  a $6,  000,  000  - $10,  000,  000  investment  per  1, 000 
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employes.  The  favorable  effects  would  not  be  felt  for  some  time 
after  completion  of  the  improvements. 

4.  Shipyard's  engineering  capability  --  the  lack  or  loss  of  such 
capability  may  cause  losses  of  manhour  productivity  of  5%  - 15%. 

5.  Learning  (series  production)  --  this  may  be  lost  because  of  labor 
conditions,  insufficient  or  excessive  intervals  between  the  ships 
of  a series,  because  of  inadequate  design  or  material  support,  for 
other  causes.  An  85%  to  90%  improvement  for  each  doubling  of  a 
number  of  ships  is  reasonable  for  Naval  vessels  up  to  eight  to 
twelve  ships -flatter  thereafter.  The  much  steeper  curves  of  the 
■wartime  yards  are  not  applicable  to  present  operations,  because 
the  conditions  are  completely  different.  If  conditions  are 
anticipated  which  would  lead  to  the  loss  of  manhour  improvement, 
the  resultant  increase  in  manhours  can  be  calculated  on  the  above 
basis . 

6.  Social  Legislation  --  some  effects  such  as  social  security,  taxes 
can  be  anticipated  accurately.  The  effects  of  OSHA,  EEO  and  EPA 
regulations  have  to  be  considered  for  each  individual  case.  Much 
of  these  effects  is  already  part  of  present  performance  levels  of 
U.S.  shipyards.  Depending  on  the  condition  of  a particular  yard, 
there  may  be  an  improvement  in  the  future  or,  particularly  in  the 
case  of  expansion,  a further  detrimental  effect  on  productivity  -- 
losses  of  5%  - 10%  in  labor  productivity  appear  possible. 
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7.  Training  programs  --  the  manhour  effects  of  such  programs  are 
considered  in  Item  1.  The  overhead  costs  for  an  existing  or 
proposed  program  can  be  calculated  when  its  scope  is  determined. 
Losses  of  about  5%  in  the  productivity  of  the  existing  workforce 
may  occur  because  of  the  need  for  additional  supervision  and  the 
interference  of  the  on-the-job  trainees  with  the  experienced 
workers. 

8.  Labor  agreements  --  cost  increases  such  as  labor  rates,  escalator 
clauses,  bigger  fringe  benefits  in  the  existing  agreements  can  be 
readily  estimated.  If  the  labor  agreement  for  the  shipyard 
involved  expires  during  the  proposed  program  a projection  of 
probable  increases  can  be  made  on  the  basis  of  the  changes  in  past 
agreements,  changes  in  recent  agreements  of  other  yards  and  the 
business  climate  reflected  in  the  shipbuilding  market  and  other 
economic  conditions. 

9.  Increased  complexity  --  this  has  been  discussed  before  in  this 
report.  It  will  be  discussed  further  in  connection  of  the  complexity 
of  Naval  equipment,  particularly  weapons.  If  major  new  and  complex 
design  features  (other  than  weapons)  are  included  in  a new  ship, 
losses  of  5%  - 15%  in  labor  hour  productivity  may  occur  and  some 
losses,  probably  up  to  5%,  will  almost  certainly  occur. 

10.  Shipbuilding  market  --  the  effects  of  fluctuations  will  be  reflected  in 
the  first  instance  in  the  loss  of  stability  (Item  1)  and  are  included 
there.  The  effects  on  pricing  have  been  discussed,  changes  of  5%  - 10 
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in  price  levels  can  be  anticipated  when  major  market  changes  occur. 

Some  of  the  effects  of  market  fluctuations  are  shown  in  Table  4.  A ^ 
great  part  of  the  increase  in  employment  was  in  the  major  constructic 
yards.  The  manpower  build-up  in  those  yards  was  proportionately 
greater  than  the  overall  manpower  growth.  This  had  a significant 
effect  on  productivity,  which  is  discussed  later. 

11.  Inflation  --  this  was  a minor  factor  in  the  United  States  for  many  yea: 
and  a major  one  for  three  or  four  years.  Provision  must  be  made  fo: 
inflationary  trends.  This  cannot  be  limited  entirely  to  the  projection 
of  the  escalator  index,  because  this  does  not  cover  all  cost  increases 
and  such  increases  are  or  maybe  treated  separately  in  shipyard 
pricing. 

12.  General  economic  trends  --  this  must  be  considered  in  making 
forecasts  for  almost  all  of  the  items  discussed  in  the  foregoing.  In 
doing  so,  it  is  important  that  the  shipbuilding  industry  does  not 
necessarily  follow  the  general  economic  pattern. 

The  earnings  and  wages  in  shipbuilding  rose  more  rapidly  than  in 
some  comparable  industries  during  the  recent  recession.  On  the 

i 

other  hand,  they  are  lower  than  contract  construction  - the  chief 
competitor  for  some  of  the  critical  skills.  (Table  5.  ) 

Prices  of  shipbuilding  materials  rose  much  faster  than  the  general 
level  of  prices.  (Table  6.)  The  output  of  the  industry  fluctuated 
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TA3LE 4 

EMPLOYMENT  and  TURNOVER 


Year 

National 

o- 

Private  ShiDyards 

EmDloyed 

1 , 000 

UnerriDloyed 

% 

Employed 

1, 000 

Turnover 

07 

70 

I960 

65, 778 

5.  5 

22.  6 

61 

21.  3 

62 

1 14.  6 

20.  5 

63 

«■* 

, 

115.5 

20.  3 

64 

1 16.  8 

21.7 

65 

71, 088 

4.  5 

128.  9 

18.  8 • 

6b 

143.  6 

' 17.  7 

67 

140.  0 

17.  5 

68 

75, 920 

3.  6 

141. 0 

17.  7 

. 69 

77. 902 

3.  5 

142.  0 

16.  3 

70 

78.  627 

4.  9 

132.  7 

15.4 

71 

79, 120 

5.9 

130.  6 

17.  2 

72 

81, 702 

5.  6 

138.  1 

15.  9 

73 

84, 409 

4.  9 

143. 9 

15.  4 

74 

85, 936 

5.  6 

153.  9 

13.  9 

75 

83,  549 

8.  6 

153.  6 

12.  2 

76  (March) 

165.9 

14.  5 

Source 

* Statistical  abstract  of  the  United  States  - p.  343. 
Shipbuilders  Council  of  America. 
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TABLE  6 

COST  INDICE 
(1967  - 100) 


Year 


Prices  » 

Consumer  Wholesale 


Iron  u Steel 


N'avships  ## 
Material 


1965 

94.  5 

66 

97.  2 

67 

100.  0 

68 

104.  2 

69 

109.  8 

70 

1 16.  3 

71 

121.3 

72 

125.  3 

73 

133.  1 

74 

147.  7 

o (p) 

160.  0 

96.  4 

97.  9 

98.  5 

100.  0 

102.  5 

101.  9 

106.  0 

107.  0 

1 10.  0 

115.  1 

1 14.  0 

121.8 

1 17.  9 

128.  4 

125.  9 

136.  2 

153.8 

178.  6 

169.  7 

201.  1 

N.  A. 
N.  A. 
100.  0 
N.  A. 
N.  A. 
N.  A. 
118.  9 
123.  3 
128.  9 
159.  6 
182.  9 


Source 

Statistical  Abstract  of  The  United  States  - 417,  419,  422. 
Shipbuilder s Council  of  America 
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widely  but  continued  rising  when  output  levels  in  durable  goods  and 

transportation  industries  were  falling.  (Table  7) 

13.  Special  Navy  considerations  --  as  a group,  this  was  ranked  second 

in  the  survey.  The  factors  in  this  category  may  be  divided  into  three 

groups  for  purposes  of  evaluation: 

Contract  administration,  inspection  and  plan 
approval,  quality  control  and  GFM  and  GFI, 

Changes  under  the  contract  and  delays, 

Complexity. 

It  must  be  assumed  fqr  the  purposes  of  this  evaluation  that  the  factors 
in  the  first  group  are  operating  well,  without  controversies  or  delays. 
In  that  case  they  will  involve  only  administrative  and  engineering 
functions  and  require  personnel  to  the  extent  of  1 % - 3%  of  the  total 
yard  force.  If  these  activities  do  not  operate  well,  it  will  be 
reflected  initially  in  delays.  This  will  cause  escalation  costs  and 
losses  of  labor  hour  productivity  of  5%  - 107o,  depending  on  the 
stages  of  construction,  because  part  of  the  manning  of  service  and 
support  crafts  is  time  related  rather  than  output  related.  Further 
effects  in  terms  of  long  delays  and  interferences  and  disruption 
cannot  be  evaluated  in  advance. 

The  effects  of  changes  and  associated  delays  depend  on  the  type  and 
magnitude  of  the  changes  and  the  stage  of  construction  when  the 
changes  are  authorized,  almost  always , however,  productivity  on 
change  work  is  lower  than  normal  shipyard  productivity,  even 


apart  from  possible  delays. 
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TABLE  7 

SHIPMENTS  AND  VALUE  OF  WORK  DONE 

(1967  - 100) 


Index 

of  Production  * 

Value  of  Work  ** 

Year 

Durable 

Transportation 

Done 

Manufacture  s 

Equipment 

Self  Propelled  Shios 

I960 

63 

64 

57 

61 

62 

62 

66 

63 

69 

64 

76 

65 

89 

91 

77 

66 

83 

67 

100 

68 

102 

69 

110 

108 

98 

70 

101 

90 

120 

71 

99 

93 

121 

72 

108 

99 

143 

73 

122 

109 

115 

74 

(P)  121 

97 

151  • 

75 

(1st  q.  ) 105 

79 

N.  A. 

Source 

* Statistical  Abstract  of  The  United  States  - p.  731.  (Constant  Dollars) 
**  Bureau  of  the  Census.  (Current  Dollars) 
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14.  Complexity  --  this  has  been  discussed  before,  in  the  applicable 
section  of  the  survey  and  in  Item  9 above.  The  complexity  of 
Naval  vessels  is  usually  concentrated  in  the  weapons  and  the 
associated  parts  of  the  ship  and  its  equipment.  In  this  part  of 
design  and  construction  there  is  almost  always  a great  amount  of 
changes  and  what  amounts  to  experimental  work.  This  has  a 
severe  impact  on  production  procedures  and  on  the  workforce. 

It  is  not  possible  to  assign  even  a range  of  loss  of  productivity  to 
all  possible  variations  of  this  factor.  This  type  of  work  cannot, 
however,  be  performed  at  the  levels  of  productivity  which  would 
prevail  for  similar  work  units  which  form  parts  of  other  systems, 

GENERAL  TRENDS 


Two  indicators  of  general  trends  of  productivity  in  United  States 
shipyards  are  available.  One  relates  to  merchant  ship  construction  only 
and  measures  productivity  in  compensated  gross  registered  tons  per  employe 
per  year.  The  second  is  an  unpublished  series  of  the  Bureau  of  Labor 
Statistics,  dated  February  2,  19*76,  for  the  years  1^58  through  1973; 
productivity  is  measured  in  terms  of  dollar  output  per  employe  hour  for  all 
shipbuilding  and  repair  (SIC  3731). 

The  first  series  shows  an  improvement  of  productivity  of  about  13% 
for  the  period  1967-70  compared  with  the  average  for  the  entire  ten  years 
1961  - 70.  This  is  followed  by  a drop  of  almost  17%  for  the  five  years 
1971-75  compared  with  1967-70.  This  is  a fairly  rough  measure,  but  change 
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of  magnitude  are  sufficient  to  show  a trend.  Considering  the  greater 
complexity  and,  therefore,  greater  demands  on  labor  skills  for  Naval 
vessels  it  is  probable  that  the  decline  of  productivity  on  that  work  in  the 
1971-75  period  was  greater. 

The  second  series  shows  a similar,  but  less  pronounced,  improve 
ment  trend  for  1967-70  compared  with  the  entire  1961-70  average.  The 
data  for  1971  and  later  are  not  sufficient  for  a conclusion. 

EFFECTS  ON  ESTIMATING 

The  considerations  discussed  in  the  two  preceding  sections  affect 
estimating.  In  some  respects,  they  affect  Navy  and  shipyard  estimating 
differently  because  of  differences  in  the  purposes  and  in  data  availability. 

The  purpose  of  the  Navy  estimate  is  the  determination  of  the  final 
full  cost  of  the  ship  to  the  Navy.  This  includes  the  cost  of  GFM  and  GFI, 
the  Navy  cost  of  plan  approval,  inspection  and  testing,  some  other  cost 
items  and  the  market  price  of  the  ship.  The  latter  may  be,  but  is  not 
necessarily  the  biggest  single  cost  item.  For  this  report,  it  is  the  only 
cost  item  under  consideration  and  the  effects  of  the  productivity  factors 
will  be  discussed  in  that  context. 

The  purpose  of  the  shipyard  estimate  is  the  determination  of  the 
cost  of  construction  to  the  shipyard.  In  competitive  procurements  it  is 
also  important  to  the  shipyard  to  forecast  the  market  price,  but  this  is 
done  separately  from  the  estimate  and  not  necessarily  by  the  estimating 
department. 
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Some  parts  of  the  eventual  price  are  cost  to  the  Navy  but  not  to  the 
shipyard,  e.  g.  , escalation,  sometimes  social  security,  etc.  Conversely, 
some  items  are  cost  to  the  shipyard,  but  are  not  included  in  the  final  price 
unless  they  are  separately  estimated  and  provided  for  in  the  bid.  e.  g.  , 
inflationary  costs  which  are  not  covered  by  the  escalation  provisions.  Some 
items  are  of  importance  to  the  shipyard  and  of  no  interest  to  the  Navy,  e.  g.  , 
many  of  the  make/buy  decisions. 

The  essential  difference  is  that  the  Navy  estimate  must  reflect  the 
probable  low  position  of  one  of  a group  of  yards  except  in  the  case  of  sole 
source  procurement;  the  shipyard  estimates  its  own  cost.  The  shipyard 
has  the  complete  set  of  all  relevant  data.  This  includes  past  performance 
on  similar  ships  and  past  performance  on  similar  systems  or  similar  parts 
of  systems,  if  similar  ships  have  not  been  built  before.  It  also  includes 
the  conditions  under  which  this  past  performance  was  accomplished  and  the 
knowledge  of  the  changes  in  conditions  and  capabilities  since  then.  The 
Navy  can  have  only  partial  knowledge  of  these  data. 

The  Navy's  estimate  is,  therefore,  akin  to  a shipyard's  budget 
estimate  or  a shipyard's  estimate  for  a major  capital  appropriations.  These 
estimates,  in  general,  have  a lower  level  of  accuracy  than  bid  estimates; 
suitable  margins  are,  therefore,  needed.  Some  corporations  recognize  this 
by  routinely  allowing  10%  overruns  in  capital  appropriations  with 
supplemental  authorization  by  top  corporate  management.  In  one  way  or 
another,  margins  must  be  allowed  in  this  type  of  estimate  over  and  above 


estimated  cost. 
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For  the  purposes  of  applying  the  factors,  it  follows  from  the  above 

that  - - 

1.  Each  factor  must  be  considered  and  evaluated. 

2.  Quantitative  evaluation  is  not  possible  in  some  cases,  but 
these  factors  must  also  be  considered  and  a judgment  made 
of  their  effect, 

3.  This  judgment  must  be  included  in  the  projected  evaluation 
of  the  total  effect  of  all  factors,  which  is  applied  to  the 
estimate, 

4.  Recent  experience  and  existing  conditions  must  be  considered 
when  projecting  the  effects  of  the  factors.  Linear  projections 
are  often  inadequate. 

5.  The  factors  interact.  Their  combined  effect  may  be  greater 
than  an  arithmetical  sum  of  their  individual  effects. 

6.  The  present  positions  of  the  prospective  offerors  must  be 
analysed  in  order  to  apply  the  factors. 

The  last  point  is  essential  to  any  quantitative  evaluation. 

The  estimated  magnitudes  in  the  last  part  of  the  section  on  evaluation 
of  factors  are  based  on  the  assumption  that  they  represent  departures  from 
the  optimum  operating  condition  --  stability.  (See  subsections  on  Stability 
and  on  Quantitative  Evaluation.  ) Evaluation  of  the  effect  of  any  factor  on  the 
productivity  of  a shipyard  will  depend  on  the  actual  operating  conditions 
which  are  used  in  comparisons  of  performance  and  costs  and  as  a basis  for 

I 

estimating. 

If,  for  example,  a shipyard's  previous  performance  and  pricing 
were  in  a period  of  workforce  build-up  and  turnover  and  the  projections  for 
the  proposed  program  show  a reasonably  stable  workforce,  this  factor  will 
result  in  cost  reductions.  If,  on  the  other  hand,  the  learning  curve  in  a 
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previous,  similar  program  started  with  a poor  first  ship  performance,  the 
learning  improvements  must  be  assumed  to  be  smaller  in  the  proposed 
program.  This  applies  for  all  factors  and  the  conditions  of  the  base  or 
comparison  period  or  program  must  be  considered  separately  for  each.  It 
is  entirely  possible  that  improvements  of  productivity  can  be  anticipated 
for  some  of  the  factors  while  others  will  have  detrimental  effects  on  the 
same  program.  The  final  costs  of  the  previous  program  or  programs,  used 
as  the  basis  for  the  current  estimate,  must  be  adjusted  for  a factor  by  factor 
comparison  of  the  previous  and  the  projected  conditions  of  performance. 

This  comparison  should  also  include  the  workloads  of  the  shipyards 
concerned.  The  shipbuilding  market  will  govern  general  price  levels,  but 
the  price  of  any  shipyard  will  be  based  primarily  on  its  own  position  and, 
in  the  second  place,  on  its  evaluation  of  its  competitors'  positions  and  of  the 
market  outlook  in  general.  The  application  of  the  factors  to  estimates  for 
a competitive  procurement  is,  therefore,  a very  complex  exercise  in 
judgment. 

CONCLUSION 

The  survey  of  participating  shipyards  and  several  other  participating 
organizations  shows  that  the  factors  reviewed  in  this  report  are  generally 
believed  to  have  major  effects  on  shipyard  productivity.  In  order  of 
importance,  in  this  respect,  stability  of  operations  and  workforce  were 
considered  first,  special  Navy  considerations  second,  improvement  by 
series  production  third,  social  legislation  and  training  fourth  and  labor 
agreements  fifth.  There  was  not  general  agreement  on  the  relative 
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importance  of  the  other  factors.  Many  participants  felt  that  the  effects  of 
such  factors  as  shipbuilding  market,  general  economic  conditions  and 
increasing  complexity  were  reflected  in  the  factors,  which  are  ranked  above. 

Only  a very  limited  number  of  quantitative  evaluations  are  available 
from  the  survey.  Such  evaluations  are,  however,  made  in  the  report  on 
the  basis  of  previous  experience  and  other  recent  studies. 

• On  that  basis,  it  is  concluded  that  manhours  maybe  doubled  and  cost 
increase  by  half  over  previous  performance  if  all  factors  have  their 
greatest  unfavorable  effects.  This  conclusion  coincides  with  the  survey  data, 
to  the  extent  they  are  available. 

The  factors  are  of  such  importance  that  they  should  be  evaluated 
quantitatively  whenever  possible  and  the  evaluation  should  be  further  adjusted, 
by  judgment,  for  the  probable  effects  of  the  factors  for  which  only  a 
qualitative  approach  is  possible.  This  should  be  done  separately  for  each 
factor,  because  their  effects  may  differ  widely  for  any  one  program.  When 
several  shipyards  are  considered  for  a program  it  is  advisable  to  make 


such  evaluations  for  each  of  them. 
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MEMORANDUM 

SUBJECT:  Periodic  checks  of  shipbuilding  productivity  le’vsls 
and  Navy  estimating  units. 

The  discussion  in  this  ’T'emorandum  is  directed  to  labor 
nours . The  recent  problems  of  cost  overruns  have  been  primarily 
labor  hour  problems.  Material  cost  overruns  have,  in  ceneral, 
resulted  from  delays  and  associated  inflationary  costs. 


Estimating  units  must  be  based  on  previous  performance. 
It  is  necessary  to  know  the  conditions  under  which  this  perfor- 
mance was  accomplished  and  to  compare  them  with  existing  and  pro- 
spective conditions  in  order  to  apply  and  adjust  the  units  for 
proposed  programs.  It  is  necessary  to  have  a point  of  reference. 

Recent  Navy  programs  do  not  provide  a point  of  refe- 
rence, because  the  costs  have  been  distorted  by  abnormal  condi- 
tions which  are  reflected  in  the  shipyard  claims.  For  this  pur- 
pose, it  is  immaterial  whether  the  claims  are  Navy  or  shipyard 
responsibility.  In  either  case,  the  costs  are  abnormal. 

The  point  of  reference  must  be  in  preclaira  ships  bull 
in  the  several  shipyards.  The  labor  hour  returns  of  the  yards  a 
that  time  must  be  evaluated  for  the  contemporary  productivities 
of  the  different  yards.  These  productivities  should,  then,  be 
compared  with  the  current  performance  levels  of  the  same  yards. 

It  is  unfortunate  that  this  involves  eoing  back  ten 
years  and,  in  some  cases  even  more.  Meaningful  more  recent  returns 
do  not  exist. 

Most  shipyards  have  made  major  facility  improvements 
since  then,  but  these  improvements  have  been  primarily  in  the 
hull  structural  area  and  the  effect  on  Navy  ship  construction  is 
relatively  minor.  The  panel  shops  may  reduce  the  hours  by  as 
much  as  60m  from  the  assembly  platen  hours  for  correspond ing 
work,  but  all  structural  assembly  hours  are  only  20^-25^  of  all 
hull  hours;  these,  in  turn,  are  only  20^-25'*  of  all  labor  hours 
for  the  ship.  The  panel  shop  savins  is,  therefore,  about  2.5^- 
3 . 5^  of  all  hours.  Assuming  a further. 15.^  savins  of  all  structu- 
ral hours  for  the  big  cranes,  transporters,  etc.  for  the  other 
hull  hours,  the  total  facility  saving  may  be  n-}%  of  previous 
performance.  Given  favorable  schedules,  the  better  facilities 
will  permit  more  preoutfitting  for  suitable  work  items  - say 
as  much  as  15^  for  one  half  of  all  remaining  work.  The  total 
for  all  facility  savings  on  all  work  of  about  12^  of  all  hours. 

This  is  a very  significant  item,  but  it  can  be  evalu- . 
ated  with  the  cooperation  of  the  shipyards.  This  is  a critical 
"if"  and  will  be  discussed  further  later  in  the  memorandum. 
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The  further  adjustments  to  previous  performance  stan- 
dards can  be  made  as  described  ^n  ray  reoort.  Again,  the  coopera- 
tion of  the  shipyards  is  necessary  for  good  accuracy. 

Cnee  this  has  been  done  for  the  shipyards  concerned, 
a new,  current  point  of  re’ference  has  been  established  which  can 
be  used  for  any  proposed  programs  - with  suitable  adjustment  for 
anticipated  future  changes  in  the  conditions  of  performance. 

Two  cautions: 

1.  This  is  a short  terra  remedy, 

2.  Sven  the  short  term  remedy  requires  a change 

in  the  present  adversary  Navy-shipyard  relations. 

The  entire  process  is  also  contingent  on  the  independnnee  of  the 
estimating  and  budgeting  activities  from  other  administrative 
and,  even  more,  political  considerations.  These  must  be  taken 
into  account  for  trade-offs  between  different  programs  and  for 
obtaining  the  best  overall  budgets,  but  must  not  be  allowed  to 
enter  into  the  estimating  and  budgeting  the  coXsts  of  individu- 
al programs . 

In  the  long  term,  good  periodic  checks  on  producti- 
vity and  associated  adjustments  of  estimating  units  will,  I be- 
lieve, depend  on 

1.  Developing  a matrix  which  relates  the  major 
productivity  factors,  which  reflect  operating 
conditions  directly,  to  estimating  factors  or 
variables,  which  can  be  evaluated  more  accu- 
rately at  the  estimating  and  technical  admi- 
nistrative levels, 

2.  Establishing  a cost  and  work  breakdown  struc- 
ture which  is  related  to  the  way  that  the 

reflects  the  shipyards  actual  performance  of 
the  work  and  is  broken  down  into  a sufficient 
number  of  items. 

It  is  necessary  to  have  the  cost  breakdown  correspond  to  the 
shipyards'  work  methods,  because  th=t  is  the  way  in  which  the 
costs  are  actually  incurred  a.n^  recorded  and  in  which  the  the 
planning,  scheduling  and  cost  control  are  exercised.  At  best, 
the  translation  of  the  shipyard  returned  costs  into  the  Navy 
nine  or  ten  item  breakdown  introduces  inaccuracies  and  guesses. 

Moreover,  at  least  fifteen  different  major  skills 
and  several  auxiliary  operating  groups  are  involved  in  buil- 
ding a major  ship.  A nine  or  ten  item  breakdown  cannot  re- 
flect this  operation  adequately. 


- 2 - 


I 


Once  the 
for  the  lone*  term  e 
yards.  The  Navy  has 
both  directly  and  t 
useful  if  they  are 
concurrently  in  the 
ternal  and  internal 
mance  is  made.  This 
a free  flow  of  info 


breakdown  structure  is  established,  the  data 
st Ini'* tln~  base  can  be  obtained  from  the  ship- 
, of  course,  access  to  the  shipyard  returns 
hbuch  DCAA . The  data  will,  however,  be  fully 
record.ed  in  association  with  and  interpreted 
light  of  the  operating  conditions  - both  ex- 
to  the  shipyard  - under  which  the  perfor- 
requires  cooperation  with  the  shipyard  and 
rmation  and  discussion  during  construction. 


There  will  always  be  some  restraints  on  this  flow  be- 
tween owner  and  contractor.  Under  the  present  adversary  condi- 
tions this  flow  is  nonexistent  and  not  really  possible.  Anyone 
familiar  with  the  former  Navy-shipyard  relations  knows  that  up 
to  about  twelve  or  fifteen  years  ago  the  conditions  were  very 
different  and  the  mutual  Information  flow  fairly  free. 


The 

solution  which 
intensive  work 
lone;  term  base 
be  established 


outlook  is  none  too  cood.  Even  the  short  term 
I recommend  would  need  a year  or  more  of  very 
and  a considerable  degree  of  cooperation.  The 
would  need  several  years  to  establish.  It  should 
separately,  at  least  for  the  four  or  five  ship- 
yards which  are  most  directly  involved  in  major  Navy  procrams. 
The  reasons  for  separate  data  for  the  several  shipyards  are  the 
same  as  the  reasons  for  establishing  the  data  base  on  shipyard 
records  - any  general  base  will  be  inaccurate  in  its  applica- 
tion. 


Even  if  all  of  this  is  done,  the  projection  of  con- 
ditions for  the  duration  of  a major  procram  will  be  the  source 
of  doubts  and  inaccuracies.  For  that  reason,  the  projections 
must  be  cons^vative  and  the  budeets  must  have  substantial  mar- 
gins. Any  other  approach  must  lead  to  overruns.  -x 
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EXHIBIT  D.3 


THE  RATING  SYSTEM  FOR  EMPLOYEE  CAPABILITY 


In  order  to  measure  the  capability  of  personnel  to  analyze  cost  data 
and  make  cost  estimates  required  in  SEA  OIG  over  the  period  of  1966-1976, 
the  documents  illustrated  in  Tables  D.l  and  D.2  were  designed  for  use  during 
desk  interviews  of  present  and  former  professional  personnel.  These  forms 
incluae  elements  of  education  and  experience  which  were  considered  essen- 
tial for  the  work  involved. 

Column  (I)  recorded  the  years  of  experience  or  education  by  individ- 
uals up  to  the  date  of  interview.  Column  (2)  contains  a relative  rating  weight 
for  each  item.  The  base  rating  (and  one  which  is  of  primary  importance)  is 
that  assigned  to  cost  estimating  (or  analysis)  performance  and  this  factor  was 
given  a rating  of  "I".  All  others  varied  from  more  important  to  less  important 
and  were  weighted  accordingly.  These  weight  values  are  an  average  of  six 
independent  opinions,  three  by  SEA  OIG  supervisors  in  the  applicable  branch 
and  three  by  the  study  group.  The  value  for  "other"  experience  was  based  on 
its  closest  relationship  to  experience  or  education  listed  previously.  Column 
(3)  was  the  product  of  Columns  (I)  and  (2).  Its  total  sum  was  a relative 
measure  for  current  total  capability  of  the  individual  in  the  current  year. 
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TABLE  D.l 


EVALUATION  OF  COST  ESTIMATING  BRANCH 


EXPERIENCE 

(D 

Years 

(2) 

Rating 

(3) 

(1)*<2) 

Weight 

Cost  Analysis 
*Cost  Estimating 

Cost  Estimating  Supervision 

Weight  Estimating 

Weight  Estimating  Supervision 
Engineering  Design 

Engineering  Design  Supervision 
Budgeting/S  chedu  ling 

Shipyard  Estimating 

Shipyard  Production 

Shipboard  Service 

Other  Construction  Experience 
Other 

Suoervisor’s  Ratinq  1-10* 

.9 

1.0 

1 .'3 

.6 

.7 

.6 

.8 

.6 

.8 

.6 

.4 

.4 

EDUCATION 

Vocational  School 

College:  Engineering 

College:  Other 

Graduate:  Engineering 

Graduate:  Other 

Special  Training,  related 

Special  Training,  unrelated 
. Other 

.3 

.6 

.3 

~7T 

.4 

.5 

.2 

TOTALS 

NAME  OF  EMPLOYEE 


COMMENTS: 
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TABLE  D.2 


EVALUATION  OF  COST  ANALYSIS  BRANCH 


EXPERIENCE 

0) 

Years 

(2) 

Rating 

(3) 

( V)x(2) 
Weight 

Cost  Estimating 
*Cost  Analysis 

Cost  Analysis  Supervision 
Accounting/Auditing 

Economic  Analysis 

ADP 

Shipyard  Cost  Analysis 

Other  Construction  Cost  Analysis 
Other 

Supervisor's  Rcting  1-10* 

10 

1 n 

1,2 

- 7 

. ft 

A 

i n 

7 

EDUCATION 

Commercial  School 

College:  Business 

College:  Other 

Graduate:  MBA 

Graduate:  Other 

Special  Training,  related 

Special  Training,  unrelated 

Other 

.4  ... 

a 

.7 

_^9_ 

.a 

TOTALS 

NAME  OF  EMPLOYEE 
COMMENTS: 
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In  order  to  have  the  calculation  reflect  the  quality  of  each  individ- 
ual's performance,  a supervisors  rating  was  applied  to  the  Cost  Estimating  or 
Cost  Analysis  element  in  the  rating  form.  The  supervisors  rating  could  range 
from  one  to  ten  with  average  performance  rated  as  five.  For  example,  if  an 
estimator  had  ten  years  of  cost  estimating  experience,  the  product  of  column 
(I)  x column  (2)  would  equal  ten.  If  the  supervisors  rating  was  eight  then  the 
adjustment  would  be  10  x §_  = 16. 

5 

Adjustments  were  made  as  applicable  for  back  years  to  the  first  year 
of  employment  in  SEA  OIG  or  to  1966,  as  the  earliest  year,  and  a total  was 
obtained  for  each  back  year. 
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EXHIBIT  D.4 


AID  TO  NAVAL  PROCUREMENT 
(Proposal  By  National  Steel  and 
Shipbuilding  Co.) 

It  is  proposed  that  the  Navy  take  a page  from  the  practice  of  the  Air 
Force,  in  part,  and  cause  to  be  created  and  fund  a private  nonprofit  corpora- 
tion to  act  as  technical  consultant  to  the  Navy  on  ship  procurement. 

Because  of  historical  developments,  technical  expertise  in  the  aircraft 
and  missile  fields  has  been  vested  almost  exclusively  in  private  industry.  The 
Air  Force  has  never  had  a substantial  in-house  design  capability.  The  Air 
Force  needed  to  quickly  create  a highly  competent  and  reliable  (free  from 
conflicts  of  interest)  capability  to  evaluate  and  monitor  the  technical  output 
of  the  private  aircraft  and  missile  contractors.  This  was  achieved  by  funding, 
through  the  years,  a number  of  private,  nonprofit  corporations  which  were 
created  solely  for  this  purpose. 

The  Navy  has  had  for  many  decades,  and  still  has,  a complete  in-house 
design  capability.  This  in-house  capability  should  be  maintained,  and  possibly 
improved.  Contrary  to  the  aircraft  and  missile  industry,  the  shipbuilding 
industry  does  not  have  substantial  capability  in  the  design  of  complex  com- 
batants. It  would  be  counterproductive  to  attempt  to  duplicate  their  design 
capability  in  the  shipbuilding  industry  or  to  transfer  it  from  the  Navy  to 
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industry.  However,  in  the  present  circumstances  the  Command  functions  of 
the  Navy  are  captive  to  a sole  source  technical  capability — their  own  in- 
house  design  section.  The  Navy  needs  a reliable  capability  to  evaluate  and 
monitor  the  output  of  their  in-house  design  section.  The  Navy  cannot  properly 
look  to  the  shipbuilding  industry  or  to  naval  architects  for  this  function  because 
of  the  inherent  conflicts  of  interest.  However,  the  Navy  could  achieve  this 
capability  by  funding  a private,  nonprofit  corporation  created  and  structured 
for  th  is  purpose . 

I 

Since  the  structure  of  the  Navy-Shipbuilding  Industry  is  different  than 
the  structure  of  the  Air  Force-Aircraft  & Missile  Industry,  the  size  and 
functions  of  a private,  nonprofit  corporate  consultant  would  be  different.  It 
is  envisioned  that  a staff  and  annual  budget  ranging  from  50  people  (SIO 
million)  to  100  people  ($20  mil  lion) -cou  Id  perform  the  functions  immediately 
envisioned.  The  foregoing  budget  estimates  are  gross  and  probably  very  con- 
servative. However,  this  magnitude  of  cost  would  be  completely  justified 
if  the  principal  objectives  are  achieved,  which  are:  (I)  Reduction  of  Naval 
shipbuilding  costs,  and  (2)  prevention  of  shipyard  claims. 

Principal  functions  of  the  consulting  firm  would  be: 

A.  Participate  in  the  ship  procurement  process  in  the  following 
particulars: 
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(i)  Review  and  comment  on  the  technical  and  business 
aspects  of  the  procurement  package  before  issuance. 

It  is  anticipated  that  a large  number  of  defects  in 
technical  plans  and  specifications  could  be  elimin- 
ated by  this  review.  This  would  substantially  reduce 
the  source  of  many  subsequent  claims  from  shipyards. 

In  addition,  many  of  the  more  technical  contract  pro- 
visions, such  as  progress  payments  and  escalation  can 
be  improved  by  review. 

(ii)  Participate  in  the  bidder's  conference.  This  would 
provide  a more  objective  third  party  analysis  of  the 
questions  and  points  of  view  submitted  by  shipyards. 

Review  of  vessel  designs  to  lessen  the  cost  of  production.  There 
has  been  a running  debate  through  the  years  between  shipyards 
and  the  Navy  on  the  subject  of  producibility . A captive  con- 
sulting firm  could  effectively  bring  to  bear  on  this  issue  an 
objective  third  party  expertise. 


Review  of  the  staffing  and  procedures  of  the  Navy's  design 
section  to  lead  to  improvement. 


Provide  a "second  opinion"  to  the  command  function  of  the 
Navy  on  technical  questions  as  they  arise.  At  the  present  time. 
Navy  decision  makers,  when  faced  with  a technical  decision 
under  an  existing  contract,  can  choose  only  between  the  tech- 
nical opinions  of  the  Naval  personnel  who  originated  the  design 
and  the  contractor  who  is  building  the  ship.  A source  of 
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reliable,  objective,  technical  opinion  is  needed  and  could 
be  provided  by  a consulting  firm. 
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EXHIBIT  D.5 


DEFINITION  OF  THIRTY  PERCENT  DESIGN 


The  30  percent  design  submission  shall  include,  as  a minimum,  the 
fol  lowing : 

(a)  Preliminary  project  design  estimates 

(b)  30  percent  project  specification  in  outline  form 

(c)  30  percent  preliminary  drawings 

(d)  Back-up  data  as  required  by  this  Chapter 


The  preliminary  project  design  estimates  are  required  with  the 
30  percent  complete  drawings  and  specifications  and  should  reflect 
current  costs  as  estimated  from  the  preliminary  drawings,  design, 
computations,  basis  for  design,  and  outline  specifications.  For  those 
elements  of  the  project  where  status  of  design  does  not  permit  a firm 
or  reasonably  accurate  takeoff  of  the  quantities  or  firm  pricing  of 
individual  items  of  work,  lump  sum  based  on  parameter  costs  may  be 
included.  The  basis  of  these  costs  such  as  cost  per  square  foot  or 
building,  per  square  yard  of  pavement,  or  per  mechanical  or  elec- 
trical fixture  shall  be  given. 


The  30  percent  specification  shall  be  in  outline  form  and  shall  con- 
sist of  a complete  listing  of  all  specification  sections  to  be  included 
in  the  project  specification.  The  listing  shall  be  arranged  in  the 
sixteen  division  format  of  the  Construction  Specification  Institute  (CSI) 
and  sequentially  by  section  number.  The  number,  title,  and  date  of 
the  guide  specification  being  used  In  preparing  each  project  specifi- 
cation section  shall  be  listed  under  the  appropriate  division  heading. 
The  major  materials  or  systems  selected  for  each  section,  whether  or 
not  based  on  a guide  specification,  shall  be  listed  for  each  project 
specification  section;  however,  detailed  specifications  are  not  re- 
quired for  the  selected  materials  or  systems.  All  sixteen  divisions 
shall  be  listed  for  every  project.  Where  there  is  no  work  required  in 
a particular  division,  a statement  to  that  effect  shall  be  included 
under  the  division  heading. 
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4. 


The  30  percent'  preliminary  drawings  shall  contain,  as  a minimum,  the 
following  documentation: 


a.  Site  Plans  showing  all  buildings  in  the  project,  access  roads, 
parking,  topography,  survey  control  points,  bench  marks, 
drainage,  roads  and  sidewalks,  and  routing  of  water,  sewer, 
gas  and  other  utilities. 

b.  Architectural  Floor  Plans  showing  complete  functional  layout 
room  designations,  all  major  dimensions,  all  critical  dimensions, 
all  columns,  and  all  built-in  equipment. 

c.  Elevations  showing  all  openings,  type  and  extent  of  building 
finishes  and  finish  grading  at  building. 

d.  Building  Sections  indicating  relationship  of  various  levels, 
floor  to  floor  heights,  construction  systems,  and  materials. 

e.  Preliminary  Finish  Schedule  indicating  proposed  finishes. 

f.  Tabulation  of  all  Net  Areas  for  spaces  limited  by  criteria  or 
program . 

g.  Tabulation  of  Gross  Building  Area  by  floors  and  total  building. 
Delineate  areas  computed  with  small-scale  single-line  dimen- 
sioned drawings. 

h.  Justification  for  deviation  from  areas  required  by  criteria  or 
program,  or  by  deviation  from  approved  concept  drawings. 

i.  Preliminary  Furniture  Layouts  showing  that  adequate  wall 
space,  circulation  area,  etc.,  are  provided  to  accommodate 
the  intended  use  of  the  space  as  follows: 

(1)  Spaces  requiring  specific  accommodations  (example  - 
200  seat  assembly  room). 

(2)  Typical  BEQ  bedroom,  showing  location  of  wardrobes, 
and  providing  optional  single  and  double  bunking  plans. 

(3)  Major  spaces  with  multipurpose  use  requirements  which 
will  require  significantly  different  furniture  arrange- 
ments for  different  uses. 
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(4) 


Where  building  design  will  dictate  special  design 
furniture,  schematic  details  sufficient  to  define 
nature  and  extent  of  special  items  should  be  included. 
This  applies  whether  special  design  furniture  items  will 
be  included  in  plans  and  specs  or  procured  as  collateral 
equipment. 

(5)  Repetitive  spaces  which  form  a major  component  of 
the  design.  (Show  typical  layout  for  BEQ  bedrooms, 
school  classroom,  etc.). 

Interior  mechanical/electrical  documentation  and/or  data 
showing  HVAC,  plumbing,  and  electrical  details  to  include: 

(1)  Design  criteria 

(2)  Heating/cool ing  source 

(3)  Design  analysis/energy  studies 

(4)  Location  of  major  equipment  (for  plumbing,  show 
fixture  locations  and  basic  riser  diagrams) 

(5)  System  Diagrams,  to  include  all  ventilation  systems 

(6)  Control  diagram  for  mechanical  systems 

(7)  Line  diagram  for  electrical  systems 

Exterior  mechanical/electrical  documentation  and/or  data 
showing  central  heating  cooling  plant  and  electrical  distri- 
bution details  to  include: 

(1)  Plant  loads 

(2)  Plant  capacity 

(3)  Plant  floor  plan/general  arrangement 

(4)  System  diagram 

(5)  Fuel  storage  general  arrangement 

(6)  Route  of  existing  exterior  heat,  power,  communication 
and  fire  alarm  systems  including  capacities 

(7)  Routing  and  capacities  of  new  systems 

Civil/Structural  details  and  data  showing: 

(1)  Boring  plans  and  logs 

(2)  Type  of  foundation  system  planned . Allowable  soil 
bearing  if  spread  footings  are  to  be  used 

(3)  Design  loads  (live  load,  wind,  seismic,  etc.) 
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(4)  Explosives  safety  (idenfify  threat  and  give  distance 
or  negative  statement) 

(5)  Type  af  structural  system  and  kind  of  materials  to  be 
used 

(6)  Fallout  shelter  statement 

5.  The  submission  far  all  disciplines  are  to  be  substantiated  by  an  economic 
analysis  of  alternatives  examined  and  brief  statements  of  the  rationale 
for  the  various  selections. 


I 
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EXHIBIT  D .6 


DEFINITIONS  FOR  SYSTEM  STRUCTURE  CATEGORIES 

(Figure  D.3I) 


Aircraft  systems  refer  to  the  complex  of  equipment,  software,  services, 
and  facilities  required  to  produce  the  capability  of  employing  the  air 
vehicles  designed  for  flight  in  the  atmosphere. 

- Airframe.  This  column  refers  to  the  assembled  structural  and 
aerodynamic  components  of  the  air  vehicle  that  support  the 
engines  and  other  subsystems  essential  to  a particular  mission. 
This  element  includes  all  effort  relating  to  the  integration  and 
assembly  of  all  equipments  into  the  airframe  to  provide  an  air 
vehicle  as  a whole.  It  includes  all  equipment  inherent  to  and 
nonseparable  from  the  assembled  structure,  dynamic  systems, 
rotor  group,  transmission,  and  other  equipment  homogeneous 

to  the  airframe.  All  effort  directly  related  to  the  other  elements 
are  excluded. 

Power  Plant.  This  column  refers  to  the  installed  engines  which 
provide  power/thrust  to  propel  the  aircraft  through  all  phases 
of  powered  flight.  This  element  includes  the  engine  as  a 
power  unit  within  itself,  of  reciprocating  or  turbo  type  suita- 
ble for  integration  with  the  airframe. 

Communications,  Navigation/Guidance.  This  column  refers  to 
those  equipments  installed  in  the  air  vehicle  for  communication 
and  identification  purposes,  and/or  to  perform  the  navigation/ 
guidance  function. 

Fire  Control.  This  column  refers  to  that  equipment  installed  in 
the  air  vehicle  which  provides  the  intelligence  necessary  for 
ordnance  delivery. 

- Armament.  This  column  refers  to  that  equipment  installed  in  or 
on  the  air  vehicle  to  provide  the  firepower  functions.  If  the 
Aircraft  System  has  ordnance  delivery  equipment  or  auxiliary 
armament/ordnance  delivery  equipment  the  costs  for  those  items 
will  be  included  in  this  category  and  the  column  label  annotated 
(i.e.,  by  use  of  an  *)  to  indicate  that  additional  items  have 
been  included. 
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Ammunition.  This  column  refers  to  the  ordnance  materiels 
that  produce  the  destructive  effects  of  the  Aircraft  System. 
Ammunition  to  be  costed  with  the  Aircraft  System  normally 
will  be  the  increase  in  the  Authorized  Acquisition  Objec- 
tive (AAO)  resulting  from  the  introduction  of  the  system  into 
the  Army  inventory. 

To  Be  Specified.  This  column  is  reserved  for  the  cost  analysts' 
use  to  highlight  a subsystem  of  high  management  interest  that 
would  otherwise  be  submerged  in  one  of  the  above  hardware 
categories  (columns). 

Peculiar  Support  Equipment.  This  column  refers  to  those 
equipments  required  to  maintain  and  care  for  the  Aircraft 
System  while  not  directly  engaged  in  the  performance  of  its 
mission,  and  which  have  application  peculiar  to  the  Aircraft 
System  being  analyzed. 

Common  Support  Equipment.  This  column  refers  to  the  equip- 
ment required  to  maintain  and  care  for  the  Aircraft  System 
while  not  directly  engaged  in  the  performance  of  its  mission, 
and  which  are  presently  in  the  DOD  inventory.  It  includes 
the  acquisition  of  additional  quantities  of  these  equipments 
if  caused  by  the  introduction  of  the  Aircraft  System  being 
analyzed. 

Other.  This  column  refers  to  that  equipment  required  by  the 
Aircraft  System  but' not  elsewhere  classified  or  which  cannot 
be  subdivided  into  the  other  major  categories  (columns). 


Missile  systems  refer  to  those  ordnance  delivery  systems  which  employ 
unmanned  self-propelled  air/space  vehicles  to  navigate,  penetrate, 
and  produce  a desired  effect  on  selected  targets.  The  Missile  System 
category  includes  systems  designed  for  employment  as  weapons  of  air 
defense,  land  warfare,  strategic  bombardment,  air  and  sea  combat, 
and  drones. 

- Airframe.  This  column  refers  to  the  assembled  structural  and 

aerodynamic  components  of  the  missile  air  vehicle  that 
support  subsystems  essential  to  the  mission.  It  includes  inte- 
gration and  assembly.  In  those  missile  systems  where  the 


D-551 


propulsion  assembly  forms  the  structure  for  the  missile,  the 
cost  of  the  propulsion  unit  will  be  included  in  this  column. 

Propulsion.  This  column  refers  to  the  means  for  generating 
propelling  forces  on  the  missile. 

Missile  Guidance  and  Control.  This  column  refers  to  the 
means  for  generating  or  receiving  guidance  intelligence,  con- 
ditioning and  intelligence  to  produce  signals,  and  generating 
appropriate  control  forces.  Includes  only  on-the-missi le 
equipment. 

Fire  Control  and  Other  Communications.  This  column  refers 
to  the  means  to  enable  targeting  of  missiles,  launch  decisions 
to  be  made,  and  to  command  launch.  This  column  also 
refers  to  the  means  for  distributing  within  the  missile  system, 
e.g.,  the  communication  subsystems  for  tactical  and  adminis- 
trative message  flow  and  ties  between  sensor,  data  processing, 
and  launch  and  guidance  control  subsystems. 

Launcher.  This  column  refers  to  the  means  to  launch  the 
missile. 

Missile  Payload.  This  column  refers  to  the  means  employed  to 
produce  the  destructive  effect  on  the  target  at  the  terminal 
point  of  flight. 

To  Be  Specified.  This  column  is  reserved  for  the  cost  analysts' 
use  to  highlight  a subsystem  of  high  management  interest  that 
would  otherwise  be  submerged  in  one  of  the  above  listed  hard- 
ware categories  (columns). 

Peculiar  Support  Equipment.  This  column  refers  to  those  equip- 
ments required  to  maintain  and  care  for  the  Missile  System  while 
not  directly  engaged  in  the  performance  of  its  mission,  and 
which  have  application  peculiar  to  the  Missile  System  being 
analyzed. 

Common  Support  Equipment.  This  column  refers  to  the  equip- 
ment required  to  maintain  and  care  for  the  Missile  System  while 
not  directly  engaged  in  the  performance  of  Its  mission,  and 
which  are  presently  in  the  DOD  inventory  for  support  of  other 
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systems.  It  Includes  the  acquisition  of  additional  quantities 
of  these  equipments  if  caused  by  the  introduction  of  the 
Missile  System  being  analyzed. 

Other.  This  column  refers  to  that  equipment  required  by  the 
Missile  System  but  not  elsewhere  classified  or  which  cannot 
be  subdivided  into  the  other  major  categories  (columns). 


Surface  vehicle  systems  refer  to  the  complex  of  equipment,  softwares, 
services,  and  facilities  required  to  develop  and  produce  a vehicle 
system  with  the  capability  to  navigate  over  the  surface.  This  element 
also  includes  combat  vehicles  serving  as  armor,  weapons  platforms, 
reconnaissance  vehicles,  and  amphibians. 

Hull/Turret/Suspension.  This  column  refers  to  the  vehicle 
primary  structure,  the  structure  and  equipment  installations 
producing  the  fighting  compartment,  and  the  means  for 
generating  tractive  effort  and  adapting  the  vehicle  to  the 
irregularities  of  the  surface. 

Power  Package/Drive  Train.  This  column  refers  to  the  means 
for  generating  power  and  delivering  that  power  to  the  driving 
member. 

- Communication  Equipment.  This  column  refers  to  the  means 
provided  within  the  system  for  implementation  of  command  and 
control . 

Fire  Control  Equipment.  This  column  refers  to  the  equipment, 
installed  in  the  vehicle,  which  provides  the  intelligence 
necessary  for  ordnance  delivery  such  as  launching  or  firing. 

Armament.  This  column  refers  to  the  means  for  Surface  Vehicles 
to  deliver  fire  on  hostile  targets. 

- Ammunition.  This  column  refers  to  the  ordnance  materiels 
that  produce  the  destructive  effects  of  the  Surface  Vehicle 
Systems.  Ammunition  to  be  costed  with  the  Surface  Vehicle 
System  normally  will  be  the  increase  in  the  AAO  resulting 
from  the  introduction  of  the  Surface  Vehicle  System  into  the 
Army  inventory. 
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To  be  Specified.  This  column  is  reserved  for  the  cost  analysts' 
use  to  highlight  a subsystem  of  high  management  interest  that 
would  otherwise  be  submerged  in  one  of  the  above  listed  hard- 
ware categories  (columns). 

Peculiar  Support  Equipment.  This  column  refers  to  those 
equipments  required  to  maintain  and  care  for  the  Surface 
Vehicle  System  while  not  directly  engaged  in  the  performance 
of  its  mission,  and  which  have  application  peculiar  to  the 
Surface  Vehicle  System  being  analyzed. 

Common  Support  Equipment.  This  column  refers  to  the  equip- 
ment required  to  maintain  and  care  for  the  Surface  Vehicle 
System  while  not  directly  engaged  in  the  performance  of  its 
mission  and  which  are  presently  in  the  DOD  inventory  for 
support  of  other  systems.  It  includes  the  acquisition  of  addi- 
tional quantities  of  these  equipments  if  caused  by  the  intro- 
duction of  the  Surface  Vehicle  System  being  analyzed. 

Other.  This  column  refers  to  the  equipment  required  by  the 
Surface  Vehicle  System  but  not  elsewhere  classified  or  which 
cannot  be  subdivided  into  the  other  major  categories  (columns). 


Electronic  systems  refer  to  the  complex  of  equipment,  software, 
services,  and  tasks  required  to  produce  the  capability  of  electronics 
systems  as  represented  by  tactical  data  systems,  fire  control  systems 
and  communication  systems.  It  includes  the  prime  mission  equipment, 
secondary/operational  support  equipment  (shelters,  trucks),  training, 
peculiar/common  support  equipment  associated  with  an  operational 
electronics  system. 

Automatic  Data  Processing  Subsystem.  This  column  refers  to 
complex  of  hardware,  software,  and  services,  either  contractor 
or  in-house,  required  to  produce  the  automatic  data  processing 
capability  of  the  system.  It  includes  the  installed  machine  or 
group  of  interconnected  machines  consisting  of  input,  storage, 
computing,  control,  and  output  devices  which  use  circuitry  in 
the  main  computing  element  to  automatically  perform  arith- 
metic and/or  logical  operations  by  means  of  internally  stored 
or  externally  controlled  programmed  instructions.  This  element 
includes,  for  example,  a central  processor,  large-capacity 
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storage  data  channels,  input/output,  as  well  as  the  software 
of  executive  (compiler/source),  diagnostic,  maintenance, 
and  operational  programs. 

Data  Display  Subsystem.  This  column  refers  to  the  hardware, 
software,  and  services  required  to  produce  the  data  display 
portion  of  the  electronic  system.  It  includes  the  equipment/ 
software  necessary  to  provide  visual  presentation  of  processed 
data  by  means  of  specially  designed  electronic  or  electro- 
mechanical devices  interconnected  with  the  computing/pro- 
cessing subsystem,  such  cs  flat  panel  displays,  projection 
screens,  imcge  data  storage,  and  retrieval  equipment. 

Although  line  printers  and  punch  cards  may  display  data, 
they  are  not  usually  categorized  as  displays  but  as  output 
equipments . 

Communications  Subsystem.  This  column  refers  to  the  hardware, 
software,  and  services  necessary  to  provide  the  electronic 
system  with  a capability  to  receive  and  transmit  messages  or 
data  from  one  person  or  place  to  another.  It  includes,  for 
instance,  radomes,  antennae,  transmitter,  receiver,  terminal 
equipment,  internal  facility  trunking,  modern  cryptograph ic 
equipment,  power  supply,  and  interface  equipment.  It  also 
includes  internal  communications  such  as  public  address, 
intercom,  and  leased-lines  used  for  communication  purposes. 

Sensor  Subsystem.  This  column  refers  to  the  complex  of  hard- 
ware, software,  and  services  required  to  produce  the  sensor 
portion  of  the  electronic  system.  It  includes  those  equipments  ' 
which  are  used  to  extend  men's  natural  senses,  and  equipment 
which  detects  and  indicates  terrain  configuration,  presence 
of  military  targets,  and  other  natural  and  man-made  objects 
by  means  of  energy  emitted  or  reflected  by  such  targets  or 
objects.  The  energy  may  be  electromagnetic,  including 
visible  or  invisible  portions  of  the  spectrum.  This  element 
includes  radar,  infrared,  end  sonar  sensor  system  equipments. 

Auxiliary  Equipment  Subsystem.  This  column  refers  to  the 
hardware,  software,  and  services  common  to  a number  of 
previously  defined  subsystems,  but  are  not  integral  to  any  of 
them.  The  element  includes,  for  example,  power  generators, 
shelters,  power  distribution  system,  and  security  equipment. 
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Items  that  are  an  integral  part  of  a specifically  identified 
subsystem  or  pertain  to  the  integration,  assembly,  and 
checkout  of  the  total  electronic  system  are  included  in  the 
“other"  column  and  excluded  here. 

Payload/Ammo . Not  Used. 

To  Be  Specified.  This  column  is  reserved  for  the  cost  analysts' 
use  to  highlight  a subsystem  of  high  management  interest  that 
would  otherwise  be  submerged  in  one  of  the  above  hardware 
categories  (columns). 

Peculiar  Support  Equipment.  This  column  refers  to  those 
equipments  required  to  maintain  ond  core  for  the  Electronic 
System  while  not  directly  engaged  in  the  performance  of  its 
mission,  and  which  have  application  peculiar  to  the  Elec- 
tronic System  being  analyzed. 

Common  Support  Equipment.  This  column  refers  to  the  equip- 
ment required  to  maintain  and  care  for  the  Electronic  System 
while  not  directly  engaged  in  the  performance  of  its  mission, 
and  which  ore  presently  in  the  DOD  inventory  for  support  of 
other  systems.  It  includes  the  acquisition  of  additional  quan- 
tities of  these  equipments  if  caused  by  the  introduction  of  the 
Electronic  System  being  analyzed. 

Other.  This  column  refers  to  that  equipment  required  by  the 
Electronic  System  but  not  elsewhere  classified  or  which 
cannot  be  subdivided  into  the  other  major  categories  (columns). 

Ordnance  systems  refer  to  the  complex  of  equipment,  software,  services, 
and  facilities  required  to  develop  and  produce  the  capability  for  apply- 
ing munitions  to  a target.  This  refers  to  both  the  munitions  and  the 
means  of  launching  or  firing  the  munitions. 

- Carriage.  This  column  refers  to  the  primary  structure  which 
serves  as  a platform  to  accommodate  other  categories  (columns), 
and  provides  mobility  to  the  complete  launch  system.  It  is  not 
a self-propelled  vehicle  (see  Surface  Vehicle  Systems). 

- Propulsion.  Not  used. 
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Communications  Equipment.  This  column  refers  to  the  equip- 
ment for  the  purpose  of  targeting  rounds,  launch  decisions,  and 
command  launch.  This  column  also  refers  to  the  equipment 
required  for  intracommunications  between  the  elements  of  the 
ordnance  system  for  tactical  and  administrative  message  flow 
between  sensors,  data  processing,  and  launch  control  elements. 

Fire  Control.  This  column  refers  to  the  equipment  for  con- 
trolling  the  direction,  volume,  and  time  of  fire  or  release  of 
munitions  through  the  use  of  electrical,  electronic,  optical, 
or  mechanical  systems  devices  or  aids. 

Launcher.  This  column  refers  to  the  structural  device  designed 
to  support  and  hold  munitions  in  position  for  firing  or  release. 

Complete  Round.  This  column  refers  to  all  the  components 
making  up  the  ammunition  necessary  for  firing  one  shot. 

To  Be  Specified.  This  column  is  reserved  for  the  cost  ana lysts' 
use  to  highlight  a subsystem  of  high  management  interest  that 
would  otherwise  be  submerged  in  one  of  the  above  listed  hard- 
ware categories  (columns). 

Peculiar  Support  Equipment.  This  column  refers  to  those 
equipments  required  to  maintain  and  care  for  the  Ordnance 
System  while  not  directly  engaged  in  the  performance  of  its 
mission,  and  which  have  application  peculiar  to  the  Ordnance 
System  being  analyzed. 

Common  Support  Equipment.  This  column  refers  to  the  equip- 
ment required  to  maintain  and  care  for  the  Ordnance  System 
while  not  directly  engaged  in  the  performance  of  its  mission, 
and  which  are  presently  in  the  DCD  inventory  for  support 
of  other  systems.  It  includes  the  acquisition  of  additional 
quantities  of  these  equipments  if  caused  by  the  introduction 
of  the  Ordnance  System  being  analyzed. 

Other.  This  column  refers  to  that  equipment  required  by  the 
Ordnance  System  but  net  elsewhere  classified  or  which  cannot 
be  subdivided  into  the  other  major  categories  (columns). 
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THE  COST  ANALYSIS  PROGRAM  (ARMY) 
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OBJECTIVES 

POLICIES 

THE  OBJECTIVES  OK  THE 

COST  ANALYSIS  PROGRAM  ARE, 

IT  IS  DEPARTMENT  OF  THE  ARMY  POLICY  THAT- 

1.  To  improve  the  allocation  and 
management  of  Army  resources  at 
all  levels  through  rigorous  cost 
analysis  of  Army  programs,  mate- 
riel systems,  forces,  units  and  ac- 
tivities. 

1.  Cost  analysis  assist  Army  management  in  establishing  and  main- 
taining credibility  with  respect  to  materiel  system  cost  estimates.  A 
measure  of  credibility  is  the  degree  to  which  cost  estimates  can  stand 
the  test  of  time. 

2.  Cost  analysis  is  an  integral  part  of  the  Planning,  Programming  and 
Budgeting  System  (PPBS). 

3.  Cost  analysis  employ  an  approach  and  procedures  oriented  more  to 
the  macro  rather  than  micro  aspects  of  cost  estimating.  Cost  analysis 
must  demand  completeness  over  preciseness  and  be  more  concerned 
with  issue  development  than  with  detailed  accounting  procedures. 
Simplification  in  level  of  cost  analysis  detail  is  essential. 

(GOAL) 

2.  To  develop  and  maintain  cost 
analysis  as  an  effective  and  efficient 
financial  management  tool  at  all 
levels. 

4.  Cost  analysis  be  first  and  foremost  a tool  of  management.  This 
includes  both  the  development  of  cost  estimates  and  the  analysis  of 
these  estimates.  A cost  analyst  is  a manager's  advisor/consultant, 
answering  the  manager’s  question:  “Is  that  estimate  about  right?" 
This  manager/cost  analyst  relationship  will  exist  at  all  levels  in  the 
hierarchy  where  decisions  are  made  having  significant  economic 
impact.  Cost  consciousness  will  be  assured  through  a check  and 
balance  process  which  identifies  and/or  anticipates  for  managers  cost 
estimates  which  are  unsupportable  or  otherwise  unlikely  to  be 
sustained  over  time. 

(TOOLS) 

5.  Cost  analysis  be  timely  and  current  in  its  role  of  assisting  the 
decisionmaker  Scheduling  of  activities  leading  to  decisions  will 
explicitly  include  time  for  cost  analysis  to  be  performed. 

6.  Cost  estimating  and  cost  analysis  will  receive  emphasis  equal  to 
that  given  requirements  estimating  and  analysis  in  the  weapons 
acquisition  and  force  planning  processes.  Cost  estimating  and  analy- 
sis are  necessarily  sequential  activities  to  requirements  estimating 
activities.  Scheduling  of  acquisition  process  activities,  including 
management  reviews,  and  force  planning  activities  will  take  into 
consideration  and  reflect  the  lead  times  required  to  accomplish,  in  a 
professional  manner,  the  cost  estimating  and  cost  analysis  function. 

(TOOLS) 

7.  The  Army’s  approach  to  cost  analysis  data  bases,  or  data  banks,  be 
highly  utilitarian.  Analysts  will  gather  cost  data  in  support  of  pointed 
studies  and  research  efforts.  Data  collected  in  support  of  specific 
efforts  should  be  saved  when  it  appears  to  have  continuing  useful- 
ness. Determination  of  data  to  be  saved  and  maintained  and  updated 
will  be  made  on  the  basis  of  the  professional  judgment  of  cost  analysis 
managers  and  practicing  analysts  Cost  analysis  activities  will  main- 
tain a current  index  to  data  banks/bases.  Maximum  exchange  of  cost 
data  within  the  Army  and  between  the  Army  and  other  Government 
agencies  and  non-Goverr.ment  agencies  and  non-Government  organi- 
zations is  encouraged,  subject  only  to  security  and  proprietary  data 
restrictions. 

3.  To  develop  and  maintain  high 
levels  of  professionalism  in  cost 
analysis  activities. 

8.  Cost  analysis  be  particularly  concerned  with  the  cost  estimate 
communications  process.  The  cost  analysis  community  will  work  for 
consistency,  clarity,  and  candor  in  both  oral  and  written  presenta- 
tions of  cost  data  and  evaluations.  Simplicity  and  clarity  in  presenta- 
tion will  be  observed. 

(PEOPLE) 

9.  Cost  analysis  be  a professional  endeavor  adhering  to  a high  code  of 
professional  practice  and  standards.  Cost  analysts  must  be  objective, 
performing  their  service  for  managers  by  employing  rigorous  and 
disciplined  analytical  approaches  and  techniques.  The  profession 
must  be  particularly  sensitive  to  the  factors  and/or  conditions  which 
lead  to  cost  biasing  and  cost  errors  and  able  to  relate  such  phenomena 
to  cost  estimates  brought  before  management. 
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OBJECTIVES 

FUNCTIONS 

THE  OBJECTIVES  OK  THE 

COST  ANALYSIS  PROGRAM  ARE; 

COST  ANALYSIS  FUNCTIONS  ARE 

1 To  improve  the  allocation  and 
management  of  Army  resources  at 
all  levels  through  rigorous  cost 
analysis  of  Army  programs,  mate- 
riel systems,  forces,  units  and  ac- 
tivities. 

1.  To  conduct  cost  analysis  of  existing  or  proposed 
weajwn  systems  or  materiel  programs. 

2 To  conduct  economic  analysis  of  investment  pro- 
posals and  materiel  acquisition  programs. 

.1  To  conduct  cost  analysis  of  existing  or  proposed 
force  units  or  force  structure. 

4.  To  analyze  cost  of  specific  functional  activities 
such  as  trairiing,  strategic  mobility,  logistical  sys- 
tems, and  activation,  operation  and  maintenance, 
opening  and  closing  of  installations  and  facilities. 

(GOAL) 

2.  To  develop  and  maintain  cost 
analysis  as  an  effective  and  efficient 
financial  management  tool  at  all 
levels. 

5.  To  develop  cost  estimates  during  all  phases  of  the 
weapon  system’s  life  cycle  in  support  of  the  deci- 
sionmaker’s at  the  key  management  milestones  and 
decision  points. 

6.  To  document  cost  estimates  and  analysis  in  ways 
]>ermitting  further  analysis  by  higher  headquarters 
and  other  organizations  which  may  request  such 
estimates  and  analysis,  for  example,  the  General 

Accounting  Office  and  the  Congressional  Budget 

Office 

(TOOLS) 

T.  To  issue  guidance  and  direction  to  insure  consist- 
ent preparation  of  cost  estimates  through  the  estab- 
lishment and  maintenance  of  uniform  cost  structures 
and  formats  and  of  standardized  cost  elements  and 
definitions  for  weapon  system  and  force  structure 
cost  analysis. 

8.  To  establish  and  maintain  cost  tracks  and  to 
perform  other  similar  functions  associated  witn  re- 
view and  documentation  of  cost  estimates. 

(TOOLS) 

9.  To  collect,  maintain  and  provide  weapon  system 
research  and  development,  investment  and  operat- 
ing and  support  cost  data  required  for  cost  analysis. 

1U.  To  collect,  maintain  and  provide  force  unit  and 
structure  cost  data  required  for  cost  analysis. 

11.  To  perform  research  related  to  cost  estimating 
methodology,  models  and  techniques. 

12.  To  insure  that  cost  information  is  correct,  inclus- 
ive and  comparable  in  studies  which  evaluate  system 
alternatives  and  to  provide  cost  analysis  assistance 
where  required  in  these  studies. 

3.  To  develop  and  maintain  high 
levels  of  professionalism  in  cost 
analysis  activities. 

13.  To  develop  and  improve  the  cost  analysis  disci- 
pline. 

14.  To  maintain  technical  competence  in  keeping 
with  advances  in  the  state-of-the-art  analysis. 

(PEOPLE) 

1 

15.  To  create  and  maintain  a professional  environ- 
ment within  which  cost  analysts  are  encouraged  to 
conduct  cost  research,  produce  rigorous  cost  analy- 
sis. contribute  to  professional  groups,  and  seek 
further  training 

» 
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OBJECTIVES 

THE  OBJECTIVES  OK  THE 
COST  ANALYSIS  PROGRAM  ARE 


SI  MMARY  PROCEDURES 
COST  PROCEDURES  ARE  THAT 


1.  To  improve  the  allocation  and 
management  of  Army  resources  at 
all  levels  through  rigorous  cost 
analysis  of  Army  programs,  mate- 
riel systems,  forces,  units  and  ac- 
tivities. 


(GOAL) 


2.  To  develop  and  maintain  cost 
analysis  as  an  effective  and  efficient 
financial  management  tool  at  all 
levels. 


(TOOLS) 


(TOOLS) 


1.  Baseline  and  independent  cost  estimates  will  be  prepared  for  all 
major  weapon  systems.  These  estimates  need  not  agree  with  one 
another  but  their  differences  must  be  understood.  Significant  differ- 
ences will  be  communicated  to  management  through  reports  and/or 
briefings. 

2.  Independent  and  baseline  cost  estimates  will  include  a range  of 
costs  to  reflect  the  uncertainty  associated  with  the  point  estimate 
The  range  of  costs  predicts  upper  and  lower  bounds  within  which  the 
actual  cost  is  likely  to  fall.  Prediction  of  the  future  costs  should  also 
reflect  the  sensitivity  of  projected  costs  to  all  critical  assumptions. 
This  should  include  factors  such  as  the  changes  in  performance  char- 
acteristics, changes  in  configuration  to  meet  performance  require- 
ments. schedule  alterations,  and  alternative  procurement  strategies. 

3.  Funds  will  be  programmed  to  support  the  acquisition  and  opera- 
tion of  weapon  systems  based  on  the  estimate  management  decides  is 
the  most  likely.  This  may  result  in  programming  an  imount  which  is 
different  from  that  specified  in  a contract  or  in  a baseline  cost  esti- 
mate 

4.  Independent  materiel  system  parametric  cost  estimates  will  be 
prepared  and  documented  in  accordance  with  the  Army  R&D,  In- 
vestment and  Operating  and  Support  Costing  Guides.  Matenel  sys- 
tem cost  estimates  will  be  documented  in  accordance  with  their 
manner  of  preparation  and  the  detail  required  by  managers. 

5.  The  Weapon  System  Cost  Estimating  Calendar  will  identify  the 
type  of  cost  analysis  instrument  to  be  employed  at  a given  decision 
point,  the  responsible  organization,  and  the  due  date. 

6.  Economic  analysis  will  be  performed  according  to  procedures 
specified  in  AR  37-13. 

7.  Cost  analysts  will  be  employed  as  cost  estimators  ami  evaluators 
in  support  of  decisionmaking.  The  cust  analyst  provides  the  reviews 
and  evaluations  which  bring  meaning  to  financial  management. 

8.  Baseline  and  independent  cost  estimates  will  be  documented  and 
updated  to  provide  a complete  cost  estimating  history  for  all  major 
and  selected  non-major  systems  All  other  cost  estimates  will  be 
appropriately  documented  so  as  to  record  the  cost  history  for  man- 
agement use. 

9.  Assumptions,  ground  rules  and  methodology  used  in  developing 
baseline  and  independent  cost  estimates  wall  be  documented  in  suf- 
ficient detail  to  permit  evaluation  of  each  estimate  and  comparison 
hetween  them  to  highlight  significant  differences  for  management 
review. 

10.  Costs  developed  in  the  various  estimates  should  represent  the  to- 
tal (full)  requirements  necessary  to  acquire  and  operate  the  weapon 
system  being  costed.  The  system  characteristics,  program  param- 
eters and  study  assumptions  underpinning  each  cost  estimate  will  be 
made  explicit  As  a minimum,  the  materiel  system  “Requirements 
Signification”  will  be  completed  and  included  in  each  cost  estimate. 

1 1.  Force  unit  cost  analysis  will  be  employed  to  develop  and  maintain 
cost  factors  for  use  in  the  planning  process. 

12.  The  Force  Cost  Information  System  (FCIS)  and  associated  cost 
factor  handbooks  are  official  sources  of  cost  data  for  Army  force 
planning  studies/analysis/estimates.  Force  structure  cost  estimates 
developed  by  the  Army  Staff  from  the  cost  factors  wnll  be  coordinated 
with  COA  for  validation  prior  to  use. 

13.  Force  planning  studies  containing  cost  data  by  appropriation  will 
be  coordinated  within  Comptroller  of  the  Army. 


3.  To  develop  and  maintain  high 
levels  of  professionalism  in  cost 
analysis  activities. 

(PEOPLE) 


14.  Cost  Analysis  Career  Field  with  its  objectives  and  requirements 
wnil  be  issued  through  appropriate  civilian  personnel  regulations. 

15.  Military  personnel  career  programs  in  cost  analysis  will  be  in 
accordance  with  the  Officer  Personnel  Management  System  (OPM3). 
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RESPONSIBILITIES 


OBJECTIVES 

THE  OBJECTIVES  OK  THE 
COST  ANALYSIS  PROGRAM  ARE: 


1.  To  improve  the  allocation  and 
management  of  Army  resources  at 
all  levels  through  rigorous  cost 
analysis  of  Army  programs,  mate- 
riel systems,  forces,  units  and  ac- 
tivities. 


(GOAL) 


2.  To  develop  and  maintain  cost 
analysis  as  an  effective  and  efficient 
financial  management  tool  at  all 
levels. 


(TOOLS) 


THE  COMPTROLLER  OK  THE  ARMY  WILL 


1 Provide  overall  functional  guidance  and  direction  for  cost  analysis  and  serve 
as  focal  point  for  the  Army  Cost  Analysis  Program. 

2.  Provide  overall  guidance  to  the  major  field  commands  for  estimating  and 
reporting  independent  system  cost  estimates. 

3.  Schedule  and  coordinate  cost  estimates  for  all  major  and  selected  non-major 
materiel  system  cost  estimates. 

4.  Perform  Independent  Parametric  Cost  Estimates  (IPCE)  on  a life  cycle 
basis  for  selected  ASARC  systems  Selections  are  determined  by  CO  A in 
coordination  with  DCSRDA  and  DCSOPS.  These  will  include  all  the  Big  5 and 
such  other  systems  as  are  deemed  significantly  important  to  require  a com- 
pletely independent  estimate  at  the  DA  level. 

5.  Prepare  for  all  other  ASARC  systems,  for  which  parametric  costing 
techniques  are  useful,  an  IPCE  derived  through  joint  participation  with  AMC 
personnel. 

(>.  Validate  cost  inputs  which  are  submitted  by  HQ  AMC  through  HQDA  for  the 
Com  and  Operational  Effectiveness  Analysis  (COEA). 

7.  Recommend  the  Army  position  on  cost  to  the  ASARC. 

8.  Serve  as  a special  member  of  the  ASARC. 

9 Provide  costs  of  major  forces  and  support  level  units  as  viewed  by  JCS  and 
included  in  the  joint  plans  such  as  the  Joint  Strategic  Objective  Plan  (JSOP) 
and  the  Joint  Force  Memorandum  (JFM). 

10.  Validate  cost  estimates  of  force  structures  and  special  force-oriented 
studies. 

11.  Provide  overall  guidance  and  direction  to  the  major  field  commands  for 
estimating  and  reporting  baseline  costs. 

12.  Establish  policy  and  procedures  for  the  improvement  of  cost  estimating 
methodology.  Insure  that  a high  level  of  quality  in  cost  analysis  is  maintained. 
Ki  Provide  for  the  collection,  storage,  analysis  and  dissemination  of  force 
units/structure  cost  data  applicable  to  the  Army  cost  analysis  program. 

14.  Establish  policy  and  procedures  for  the  collection,  storage,  analysis, 
synthesis  and  dissemination  of  materiel  system  cost  data  applicable  to  the 
Armv  Cost  Analysis  Program. 

15.  For  selected  ASARC  systems  formally  document  the  baseline  estimate  and 
the  1 PCE  by  means  of  a comparative  analysis  so  that  they  may  be  traced  as  the 
program  progresses  through  the  acquisition  cycle. 

16.  Exercise  Army  General  Staff  responsibility  for  Selected  Acquisition 
Rei>orting  (SARs). 

17.  Provide  and  maintain  cost  handbooks  for  use  in  the  force  planning  process. 


(TOOLS) 


3.  To  develop  and  maintain  high 
levels  of  professionalism  in  cost 
analysis  activities. 


(PEOPLE) 


18  Assure  the  professional  quality  of  field  generated  independent  cost 
estimates. 

19.  Direct,  coordinate  and  evaluate  the  Cost  Analysis  Career  Program, 
including  supervising  and  coordinating  cost  analysis  training. 

20  Monitor  the  operation  of  the  cost  analysis  career  referral  system,  particu- 
larly Army-wide  referrals. 

21.  Establish,  promulgate  and  maintain  a code  of  professional  standards  for 
cost  analysts. 
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RESPONSIBILITIES 


OBJECTIVES 

THE  OBJECTIVES  OK  THE 
COST  ANALYSIS  PROGRAM  ARE: 


1.  To  improve  the  allocation  and 
management  of  Army  resources  at 
all  levels  through  rigorous  cost 
analysis  of  Army  programs,  mate- 
riel systems,  forces,  units  and  ac- 
tivities. 


(GOAL) 


OTHER  DA  STAFF 


1.  The  Deputy  Chief  of  Staff  for  Operations  and  Plans  (DCSOPS)  will — 

а.  Designate  which  systems  are  to  be  considered  major  Army  programs. 

б.  Assure  that  a current  COEA  is  available  at  each  ASARC  milestone 
review. 

r.  Establish  priorities  for  materiel  requirements  development,  affordability 
determinations  and  procurement  of  equipment  and  user  testing. 

d . Provide  data  to  COA  for  use  in  the  costing^cost  analysis  of  Army  forces. 

e.  Develop  the  Army  Force  Program  developing  in  detail  the  Army  force 
structure  approved  by  the  Secretary  of  Defense  for  the  current  and  budget 
years. 

/.  Serve  as  a regular  member  of  the  ASARC. 

2.  The  Deputy  Chief  of  Staff  for  Research  Development  and  Acquisition 
(DCSRDA)  will — 

a Examine  proposed  systems  for  affordability  within  priorities  established 
by  DCSOPS.  in  view  of  resources  available  or  projected  to  be  available  to  the 
Department  of  the  Army. 

h Exercise  General  Staff  responsibility  for  development  and  acquisition  of 
the  materiel  systems  in  the  appropriate  requirements  document,  i.e..  Opera- 
tional Capability  Objectives,  Letter  of  Agreement,  Required  Operational 
Capability,  Letter  Requirement. 

c.  Coordinate  all  ASARC  and  DSARC  review's. 

d.  Formulate  and  execute  the  RDTE  and  procurement  portions  of  Army 
programs  and  budgets. 

c.  Provide  a capability  for  Army  Staff  Program  Managers  and  MACOMS  to 
influence  the  materiel  development  and  acquisition  process  within  the  par- 
ameters of  fiscal  constraints  and  DCSOPS  priorities  and  requirements. 

f\  Collect,  store,  analyze  and  disseminate  budgetary  data  for  research, 
development  and  acquisition-oriented  appropriations  required  for  cost  analysis. 

g.  Serve  as  regular  member  of  ASARC. 

3.  The  Deputy  Chief  of  Staff  for  Logistics  (DCSLOG)  will — 

a.  Establish  logistic  supportability/acceptability  of  major  Army  programs. 

h.  Serve  as  special  member  of  ASARC. 

4 The  Chief  of  Engineers  (COE)  will  collect,  store,  analyze  and  disseminate  the 
following  Army-wide  cost  data  required  for  cost  analysis: 

a.  Construction  projects,  construction  materiel,  construction  techniques, 
and  construction  operations  (except  Military  Construction  Army  National 
Guard). 

b Real  property  acquisition,  management  and  disposal. 
r Real  property  maintenance  activities. 

(I  Maps,  map  products  and  equipment  peculiar  to  military  mapping  pro- 
grams. 

5 The  Ballistic  Missile  Defense  Program  Manager  will — 

a.  Collect,  store,  analyze,  and  disseminate  cost  information  related  to 
materiel  systems,  forces,  and  units  in  his  area  of  responsibility. 

h Determine  requirements  for  life  cycle  costs  to  be  obtained  from  major 
Army  commands  to  support  cost  effectiveness  studies  of  weapon  systems  and 
units. 

6.  Chief  of  Army  Reserves  (CAR)  will  collect,  store,  analyze,  and  disseminate 
cost  data  on  individual  personnel  support  and  force  units  in  the  US  Army 
Reserves. 

7.  Chief.  National  Guard  Bureau  (CNGB)  will  collect,  store,  analyze  and 
disseminate  cost  data  on  individual  personnel  support  and  force  units  in  the  US 
Army  National  Guard. 

8.  Heads  of  other  DA  Staff  agencies  will  collect,  store,  analyze  and  disseminate 
cost  data  related  to  weapon  and  support  systems,  forces  and  units  in  their  areas 
of  responsibility  required  for  cost  analysis. 
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OBJECTIVE? 

THE  OBJECTIVES  OK  THE 
COST  ANALYSIS  PROGRAM  ARE. 


1 To  improve  the  allocation  and 
management  of  Army  resources  at 
all  levels  through  rigorous  cost 
analysis  of  Army  programs,  mate- 
riel systems,  forces,  units  and  ac- 
tivities. 


(GOAL) 


RESPONSIBILITIES 


M A CO  MS 


1.  The  Commanding  General,  US  Army  Materiel  Command  (AMC)  will — 

n Perform  integration  of  cost  analysis  in  order  to  provide  cost  analysis  of  R&D,  Investment  and 
Oj ■orations  of  u>a]xni  systems  and  materiel  items  to  HQDA,  as  required. 

b.  Develop  and  maintain  cost  information  systems,  to  include  data  bases  and  cost  models,  as  required, 
r.  Maintain  and  disseminate  cost  data  and  estimates  related  to  depot  maintenance  of  materiel  and  central 
supply  activities  within  USAMC. 

( i Prepare  cost  estimates  of  the  operating  costs  of  AMC  organizations  and  installations. 
r Develop  baseline  estimates  for  materiel  items. 

/ Prepare  and  submit  SAP's  to  HQDA. 

q.  Jointly  participate  with  COA  in  preparation  of  independent  estimates  for  selected  materiel  systems. 
h Prepare  independent  parametric  cost  estimates  for  selected  materiel  systems. 

i.  Provide  cost  estimates  through  HQDA  of  materiel  for  use  by  US  Army  Training  and  Doctrine 
Command  (TRADOC)  in  support  of  cost-effectiveness  studies  (COA). 

j.  Have  principal  responsibility  for  the  validation  of  non-major  weapon  system  cost  estimates. 

k.  Serve  as  regular  member  of  ASARC. 

/.  Utilizing  inputs  from  other  major  Army  commands  as  required,  prepare  operating  and  support  costs 
for  weapon/ support  systems. 

2.  The  Commanding  General.  US  Army  Training  and  Doctrine  Command  (TRADOC)  will — 
a.  Collect,  store,  analyze  and  disseminate  data  for: 

(1)  Postulated  Forces  and  Units. 

(2)  Individual  training  conducted  in  TRADOC  schools  and  training  centers. 

(3)  Base  operations  of  all  TRADOC  installations 

(4)  Central  supply  and  maintenance  activities  within  TRADOC  installations. 

b Prepare  and  submit  Cost  and  Operational  Effectiveness  Analysis  (COEA)  as  required. 

r.  Serve  as  regular  member  of  ASARC. 

( i . Provide  necessary  cost  and  related  data  to  HQ  AMC  for  preparation  of  operating  and  support  costs 
for  weapon/ support  systems,  as  required. 

3.  The  Commanding  General.  US  Army  Forces  Command  (FORSCOM)  will — 
n.  Collect,  store,  analyze  and  disseminate  information  on. 

(1)  Costs  of  field  exercises  within  CONUS,  except  for  Army  components  of  Unified  Commands. 

(2)  Unit  training  conducted  in  FORSCOM 

(3)  Base  operations  of  all  FORSCOM  installations. 

(4)  Central  supply  and  maintenance  activities  within  FORSCOM  installations. 

(5^  Operating  costs  of  CONUS  based  combat,  combat  support  and  combat  service  support  units, 
activities  and  installations. 

(6)  Force  unit  and  weapon  system  operating  and  support  costs,  below  depot  level,  in  the  FORSCOM 
area  of  responsibility. 

h.  Provide  m*ee>>aj*y  cost  and  related  data  to  HQ  AMC  for  preparation  of  operating  and  support  costs 
for  weapon/ support  systems  as  required. 

4 The  Commanding  General.  US  Army  Communications  Command  (USACC)  will — 

a.  Collect,  store,  analyze  and  disseminate  cost  data  on  all  assigned  communications  equipment, 
activities,  installations  and  programs. 

b.  Prepare  and  submit  Cost  and  Operational  Effectiveness  Analysis  (COEA)  as  required. 

o.  The  Commanding  General,  US  Army  Computer  Systems  Command,  will  collect,  store,  analyze  and 
disseminate  information  related  to  Army  multicommanri  automatic  data  processing  systems 

6.  The  Commanding  General,  US  Army  Security  Agency  (USASA)  will — 

n.  Collect,  store,  analyze  and  disseminate  cost  information  on  all  assigned  equipments,  activities, 
installations  and  programs. 

b.  Prepare  and  submit  Cost  and  Effectiveness  Analysis  (COEA)  as  required, 
c Develop  baseline  cost  estimates  for  assigned  material  items. 

( i . Validate  assigned  non-major  weapon  systems  cost  estimates. 

e.  Upon  request,  in  coordination  with  ACSI,  provide  requirements  and  cost  data. 

7.  The  Commanding  General,  US  Army  Concepts  Analysis  Agency  will — 

a Assist  ODCSOPS  in  the  analyses  of  force  related  issues  to  provide  bases  for  materiel  acquisition  and 
implementation  of  Army  materiel  acquisition  policy. 

b For  designated  materiel  systems,  review  and  evaluate  trade-off  determinations  <TOD)  and  conduct 
trade-off  analysis  (TOA)  and  Cost  and  Effectiveness  Analysis  (COEA), 

c.  Serve  as  special  member  of  ASARC. 

8.  The  Commanding  Generals  of  other  major  commands  will  collect,  store,  analyze,  and  disseminate  cost 
information  related  to  weapon  and  support  systems,  forces  and  units,  in  their  area  of  responsibility,  as 
required  for  cost  analysis. 
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ESTIVATING  PERFORMANCE  OF  THE  NAVY 

1.  Over  The  Last  Eight  Years,  Funds  Requested  For  E-l 

Shipbuilding  Programs,  Which  Totalled  $18  Billion, 

Have  Grown  To  $22  Billion. 

2.  NAVSEA  Basic  Construction  Estimates  — When  E-4 

Compared  With  Contract  Award  And  End  Cost 

Figures  — Show  Wide  Variances 


(1) 

The  SSN  711,  712  and  71 3 budgeted  in 

FY  1975,  although  repeat  ships,  were 
underestimated  by  22  percent 

E-6 

(2) 

The  FFG  8,  9 and  10,  which  are  first 
production  hulls,  have  thus  far  experienced 
a 30  percent  cost  growth 

E-9 

(3) 

The  AD  41 , whi ch  is  a repeat  of  the  AD 

37  and  38,  is  experiencing  a current  over- 
run of  80.5  percent 

E-l  1 

(4) 

The  ARDM  4 has  experienced  a cost  growth 
of  52.4  percent 

E-l  8 

(5) 

SEA  01 G estimating  performance  on  ships 
contracted  for  in  the  FY  1975-1976  budget 
averaged  30  percent  below  the  contract 
price 

E-22 

THE  SELECTION  PROCESS  AND  TRACKING  PROCEDURES 

1 . A Number  Of  Ship  And  GFM  Cases  Were  Selected  E-27 

For  More  In-Depth  Study  To  Provide  Further  Clues 
As  To  The  Causes  Of  Cost  Growth 

A System  Was  Devised  To  Select  Ships  In  A 
Rational  Way 


2. 


E-29 
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(1)  The  program  yecrs  studied  v/ere  limited  to  E-29 

fiscal  years  1970  through  1977  to  provide 
relevancy  to  the  current  situation 

(2)  Factors  considered  in  making  selections  E—  32 

(3)  Selection  of  ship  classes  to  be  tracked  E—  35 

(4)  Three  ships  were  selected,  too  were  approved  E-42 
by  the  Navy  for  tracking,  the  third  rejected 

and  a substitute  directed 

3.  Eight  Items  Of  GFM  Were  Selected  By  The  Navy  As  E-44 

Being  Pertinent  Tracking  Candidates 

4.  A Number  Of  Potential  Cost  Derivers  Were  Identi-  E-46 

fied  Early  And  Each  Ship  Or  Weapons  Case  Was 

Evaluated  Against  These  Elements 


III.  CASE  STUDY  OF  THE  APR  7 

1 . The  Requirement  For  The  AOR  Evolved  From  The  Need  E—  5 1 

To  Upgrade  Underway  Fleet  Replenishment 

2.  The  Replenishment  Oiler  AOR  7 Was  Included  In  The  E—  52 

FY  72  Shipbuilding  Program 

3.  The  Estimating  And  Pre-award  Period  Of  The  AOR  7 E-55 

Refers  To  Activities  Involved  In  Planning,  Program- 
ming And  Budgeting  For  The  FY  1972  Budget 

(1)  Early  in  the  POM  72  cycle,  CNO  requested  E-57 

a price  out  of  five  ships  for  the  years  of  FY 

73  and  FY  74 

(2)  At  the  start  of  the  FY  72  Budget  cycle,  the  E-61 

AOR  costs  were  refined  to  a Class  "D"estimate 
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(3)  CNO  questioned  the  high  cost  of  the  AOR's 
and  directed  a cost  study 

(4)  The  PBD  process  eliminated  AOR  7 from  the 
FY  72  program  on  the  grounds  that  its  62  per- 
cent increase  in  cost  over  AOR  6 made  it  a 
poor  investment 

(5)  The  final  PBD  reinstated  the  AOR  7 in  FY  72 
at  $56.5  mil  lion 

4.  A Review  Of  The  Events  Leading  Up  To  The  AOR  7 
Contract  Award  In  December  1972  And  The  Develop- 
ment Of  The  AOR  7 Contract  Design  Indicates  That 
Ship  Definition  Went  Through  Considerable  Change 
Both  During  And  After  The  Submission  Of  The  Budget 
Estimate 

5.  Request  For  Proposal  ^N00024-722-0574  Was  Issued 
To  Eleven  Prospective  Offerors  On  February  11,  1972 

(1)  The  Request  for  Proposal  marked  the  beginning 
of  the  contractual  phase  of  the  AOR  7 in 
February  1972 

(2)  Bidders  were  allowed  five  days  to  review  some 
1500  plans  from  the  AOR  6 in  order  to  prepare 
their  bid  on  the  AOR  7 

(3)  The  bidders  conference  on  the  AOR  7 occurred 
on  schedule  in  preparation  for  the  bid  closing 
date 

(4)  On  April  12,  1972,  General  Dynamics  - 
Quincy  warned  the  Navy  that  the  AOR  7 
was  under-budgeted  by  almost  $25  million 

(5)  The  NAVSHIPS  independent  estimate  of 
contract  price  just  prior  to  bid  closing 

was  $55.5  million  (including  $5.06  million 
profit) 
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E-63 

E-63 

E-65 

E-66 

E-74 

E-74 

E-74 

E-76 

E-76 


E-77 
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(6)  The  bid  closing  date  was  extended  one  month 
yet  only  three  offerors  submitted  bids 

(7)  The  National  Steel  bid  on  the  AOR  7 was  35 
percent  lower  than  that  of  General  Dynamics 

(8)  Prior  to  contract  award,  a major  reprogram- 
ming action  of  $10  million  was  requested 

(9)  Best  and  final  bids  were  submitted  by  three 
offerors  on  October  5,  1972 

(10)  National  Steel  awarded  AOR  7 contract  for 
$51  .5  million 

(11)  NASSCO'spast  performance  in  meeting  de- 
livery dates 

6.  AOR  7 Construction  Began  On  Schedule  During 

October  1973 

(1)  Schedule  slippages  can  be  traced  to  late 
arrival  of  Contractor  Furnished  Equipment 

(2)  Key  event  and  master  machinery  erection 
schedule  slippages  necessitated  extensive  work- 
arounds and  resulted  in  deviations  in  planned 
direct  labor  expenditures 

(3)  Excess  manhour  expenditures  indicate  low 
productivity  and  defective  plans  and  drawings 

(4)  Government  Furnished  Equipment  was  not  a 
significant  factor  impacting  construction  de- 
lay or  contract  growth 

(5)  Delivery  of  the  AOR  7 was  delayed  ten  months 

(6)  Final  adjudicated  contract  price  was  $71 .1 
million  (end  cost  $86.3  million) 
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7. 

The  Unescalated  Cost  Growth  Experienced  In  The 

AOR  7 Is  Primarily  Attributable  To  An  Under- 
estimate Of  Manpower  Requirements 

E-100 

(1)  Construction  plans  were  inadequate  and 

defective 

E-100 

(2)  Contractor  Furnished  Equipment  was  con- 

stantly in  overdue  status 

E-102 

8. 

The  AOR  7 Experienced  An  Overrun  Of  53  Percent 

On  The  Original  Budgeted  End  Cost  Estimate  For- 
warded To  The  Congress  In  1971 

E-103 

9. 

Conclusions 

E-104 

IV.  CASE  STUDY  OF  THE  SSN  678 


1 . The  Development  Of  The  Sturgeon  Class  Submarine  E-107 

Was  Evolutionary  Rather  Than  A Major  Departure 
From  Previous  Designs 

(1)  Over  the  entire  thirty-seven  ship  program  E-109 

actual  costs  exceeded  predicted  costs  by 
13.1  percent  with  an  average  delay  of  about 
1 3 months. 

2.  The  SSN  678  Grew  In  Cost  Over  The  Budgeted  Amount  E-114 

By  20  Percent,  But  Was  Delivered  Ahead  Of  Schedule 

(1)  Five  SSN's  were  authorized  for  the  FY  1967  E-114 

program  at  a total  S341  .0  million  estimated 

end  cost 

(2)  The  first  major  adjustment  to  the  approved  E— 116 

budget  baseline  ship  resulted  from  numerous 
approved  characteristics  changes 
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(3)  The  independent  Government  estimate  was  E- 117 

$4.4  million  less  than  the  negotiated  con- 
tract price 

(4)  A contract  was  awcrded  to  General  Dynamics  E— 119 

for  construction  of  four  ships 

(5)  Despite  a 151  day  extension  of  the  contract  E— 121 

delivery  date  (from  1 April  1972  to  30  Au- 
gust 1972),  the  SSN  678  delivered  in  advance 

of  the  original  date 

(6)  ARCHERFISH  experienced  minimal  cost  growth  E— 123 

after  contract  award 

3.  The  SSN  678  Experienced  A Past-Authorization  Pro-  E-126 

gram  Growth  Of  Approximately  20  Percent 

V.  THE  CASE  STUDY  OF  THE  FFG  7 

1 . The  FFG  7,  First  Ship  Of  A 74  Ship  Program  Shows  E-128 

Significant  Cost  Growth  Which  May  Be  Explained 

By  Its  Status  As  A Lead  Ship 

2.  The  FFG  Program  Responds  To  A Requirement  Far  Cost  E-130 

Effective  Escorts  Ta  Replace  Aging  World  War  II 

Destroyers  Being  Phased  Cut 

3.  A Number  Of  Management  Techniques  Were  Adapted  E-131 

During  Early  Project  Phases  Ta  Optimize  Performance 

And  Minimize  Costs 


(1) 

The  design- to- cast  objective  has  been  an  im- 
portant management  tool  in  the  FFG  program 

E-132 

(2) 

The  application  of  design-ta-cost  in  early  de- 
velopment phases  was  related  closely  to  life- 
cycle  cost  considerations 

E-134 
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(3) 

A "fly-before-buy"  concept  was  implemented 
in  the  FFG  program  by  building  a lead  ship 
before  procuring  follow  ships 

E-135 

(4) 

Land-based  testing  has  been  used  extensively 
as  a cost  saving  management  technique 

E-137 

(5) 

A system  of  central  procurement  for  a selected 
number  of  standard  equipment  items  was  es- 
tablished 

E- 138 

(6) 

Normal  acquisition  phasing  was  modified  to 
allow  early  participation  by  potential  builders 

E-138 

4.  Early  FFG  Estimating  Was  Initiated  By  A CNO  Request  E-140 
For  Cost  And  Feasibility  Studies 

(1)  The  Guided  Missile  Frigate  (FFG)  trade-off  E-142 

studies  conducted  in  early  1971  included 

several  hundred  alternate  ship  configurations 

(2)  Studies  on  the  various  sonars,  radars,  pro-  E-145 

pulsion  systems,  and  weapons  suites  were 

completed 

(3)  In  May  1971,  the  CNO  approved  a single  E-145 

ship  platform  for  the  escort  (FFG)  program 

5.  The  Concept  Exploration  Report  Of  July  1971  E-146 

Established  Targets  For  Lead  And  Follow  Ship 
Costs  At  S185.1  Million  And  $49.2  Million, 

Respectively 

During  The  Preliminary  Design  Phase,  Budget 
Estimates  Of  $191.5  Million  And  $47.2  Million  For 
Lead  And  Follow  Ships,  Respectively  Were  Sub- 
mitted To  Congress 
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(1)  Pressure  began  in  August  1971  to  develop 

a Class  "D"  estimate  For  the  lead  and  follow 
ships  to  coincide  with  expected  completion 
of  preliminary  design  in  September  1971 

(2)  The  Class  "D"  budget  estimate  sent  to  NAV- 
COMPT  in  September  1971  estimated  lead 
ship  cost  to  be  $204  million 

(3)  The  budget  estimate  submitted  to  OSD  was 
subsequently  reduced  to  $191  .5  million 

(4)  The  follow  ship  cost  estimate  associated  with 
the  Congressional  submission  for  the  FY  73 
lead  ship  was  $47.2  million 

The  Pre-Production  And  Design  Phase  Began  Early 
In  1972  After  Budget  Submission  And  Has  Progressed 
To  The  Point  Of  90  Percent  Completion  On  Lead 
Ship  Construction 

A Successful  DSARC  I And  II  Review  Held  In  August 
1972  Set  The  Stage  For  The  Signing  Of  A Detail  Design 
And  Lead  Ship  Construction  Contract 

The  Detail  Design  And  Construction  Period  For  The 
Lead  Ship  Can  Be  Characterized  By  Numerous  Engi- 
neering Changes,  Change  Orders,  And  Design  Changes 

An  Analysis  Of  Detail  Design  And  Basic  Construction 
Estimates  Versus  Actual  Costs  Near  Completion  Of 
The  Lead  Ship  Shows  Significant  Differences 

In  Addition  To  Basic  Construction  Cost  Growth,  The 
Growth  In  Government  Furnished  Material  Costs  Was 
Substantial 

(1)  The  Navy  compromised  one  of  its  conceptual 
parameters  for  the  FFG  by  selecting  the  MK 
92  FCS  and  SQS  56  sonars 
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12.  The  Follow  Ship  Construction  Phase  Has  Begun  And  E-172 

Program  Optimism  Is  Shared  By  All  Builders 

13.  Growth  In  Total  Program  Cost  Reflects  An  Increased  E-173 

Unit  Price  Per  Ship,  An  Increased  Inventory  Require- 
ment And  Escalation 

14.  In  Summary,  FFG  Program  Tracking  Has  Identified  E-177 

Problems  In  The  Areas  Of  Cost  Estimating  And 
Management  Strategies 

VI.  CASE  HISTORIES  — GOVERNMENT  FURNISHED  MATERIAL 

1 . The  AN/SPS-55  Is  A Conventional  X-Band  Search  E-185 

And  Navigational  Radar  For  Use  Aboard  Navy 
Surface  Ships 

(1)  An  historical  track  of  the  estimate  is  not  E-186 

possible  before  1972  because  of  a lack  of 

records  and  inconsistency  in  estimating 
format 

(2)  NAVSEA  01 G records  show  a basic  hardware  E-188 

cost  growth  of  62  percent  over  five  fiscal  years 

(3)  There  has  been  only  one  contract  for  the  radar  E-190 

system  which  was  awarded  by  competitive  bid- 
ding, while  subsequent  contracts  were  sole  source 

(4)  No  independent  cost  estimates  are  presently  E— 193 

being  generated  for  the  radar;  specific  reasons 

for  the  cost  growth  can  not  be  ascertained  due 
to  the  lack  of  documentation 

(5)  Although  the  estimating  process  for  the  AN/-  E-194 

SPS-55  Radar  is  not  very  structured,  reason- 
ably accurate  estimates  do  result. 
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2.  The  AN/S  PS-40  Radar  Dates  From  The  Late  1950's 

And  Has  Evolved  Into  Three  Different  Configura- 
tions Over  Its  Twenty  Year  History 

(1)  The  cost  estimating  performance  for  this  radar 
has  been  adversely  affected  by  the  repeated 
organizational  changes  in  the  Navy  and  con- 
figuration changes  of  the  radar 

(2)  Actual  cost  growth  of  the  radar  has  been  mini- 
mal until  the  most  recent  contract  in  1976 

(3)  The  accuracy  of  the  existing  estimates  "is  low 
throughout  the  history  of  the  radar  reflecting 
a continual  lack  of  interest  and  effort  in  esti- 
mating for  the  AN/S  PS-40  Radar 

3.  The  5- Inch  54  Caliber  MK  45  Lightweight  Gun  Mount 

(5"  LWG)  Was  The  First  New  Major  Shipboard  Gun 

Mount  Developed  For  The  Navy  Since  The  1 950* s 

(1)  Although  the  5"/54  MK  45  LWG  requirement 
dates  from  1963,  the  earliest  estimate  still  on 
file  is  dated  June  7,  1967 

(2)  The  most  recent  estimates  come  from  NAVSEA 
01  G and  NAVSEA  06  offices,  but  do  not  allow 
for  a consistant  track  of  the  cost  history 

(3)  The  level  of  the  actual  unit  cost  for  the  5"/54 
LWG  MK  45  has  fluctuated  from  an  initial 
high  to  its  most  recent  level  at  21  percent 
less  than  the  initial  cost 

(4)  Neither  GFM  nor  the  5"/54  LWG  MK  45  have 
been  major  cost  drivers 

(5)  The  quality  of  estimates  for  the  5"/54  LWG 
MK  45  appears  to  have  been  low  throughout 
its  history 
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4.  The  MK  86  GFCS  Has  Experienced  Numerous  In- 
creases Of  Its  Capabilities,  Actually  Evolving  Into 

Different  Systems  With  The  Same  Central  Components 

(1)  There  is  no  uniform  cost  history  available. 
Seven  different  offices  in  the  Navy  have 
contributed  cost  estimates  for  the  MK  86 
GFCS  over  an  eight  year  period 

(2)  SEA  01 G and  SEA  06  estimates  developed 
primarily  in  1975  - 1976  through  well  doc- 
umented, still  contain  discrepancies 

(3)  Although  there  have  been  three  production 
contracts,  the  GFCS  has  not  been  opened  to 
competitive  bidding 

(4)  Historical  data  is  incomplete  for  the  MK  86 
GFCS  and  indicates  a lack  of  estimating 
effort  and  managerial  direction 

5.  The  AN/SQS-53  Sonar  Is  A Second  Generation  Sonar 

(1)  The  AN/SQS-53  Sonar  did  not  follow  the 
normal  NAVSEA  systerr/equipment  develop- 
ment 

(2)  The  first  two  AN/SQS-53A  Sonars  procured 
as  Government  Furnished  Material  (GFM) 
were  modified  AN/SQS-26CX  Sonars 

(3)  The  only  procurement  of  the  AN/SQS-53A 
Sonar  as  GFM  has  been  for  the  CGN  40  and 
CGN  41 

(4)  Future  sonar  contracts  for  the  CGN  42  and 
DDG  47  class  ships  will  reflect  much  higher 
costs 
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(5)  Comparison  of  contract  costs  for  the  AN/  E-245 

SGS-53  and  53A  shows  small  differences 

6.  The  Close  In  Weapons  Systems  (PHALANX  CIWS)  E-247 

Was  Developed  In  A Cost  Conscious  Atmosphere 

(1)  The  CIWS  project  has  been  in  research  and  E-248 

development  since  the  late  1960's 

(2)  The  CIWS  program  has  incurred  a delay  of  E-249 

30  months  due  to  direction  chcnges,  testing 
problems  and  Congressional  modification  of 

planned  expenditures 

(3)  The  estimates  for  Research  & Development  E— 253 

(R&D)  expenditures  show  a high  degree  of 

accuracy 

(4)  The  unit  cost  of  the  CIWS  rose  59  percent  E-254 

from  a plcnnea  $1  .54  million  to  $2.44  million 

(5)  The  CIWS  project  being  R&D  oriented  has  been  E-264 

characterized  by  developmental  and  engineer- 
ing problems 

(6)  NAVSEA,  storting  with  the  hardwcre  procure-  E-267 

ment  costs,  estimates  the  cost  of  installation 
add-ons 

(7)  The  project  team  for  CIWS  is  a small  results  E— 271 

oriented  group 

7.  The  AN/UYK-7  Hcs  A Modular  Design  Specifically  E-276 

Developed  For  All-Purpose  Use  By  The  Navy 

(1)  The  AN/UYK-7  is  a well  defined  third  E-277 

generation  computer 
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(2)  The  cost  of  procurement  was  well  established 
from  numerous  past  acquisitions 

(3)  The  many  different  configurations  of  the 
AN/UYK-7  makes  cost  analysis  of  question- 
able value 

(4)  Estimating  costs  of  the  AN/UYK-7  is  not  a 
problem 

The  LM  2500  Marine  Gas  Turbine,  Developed  From 

The  C5A  And  Commerical  Versions  Of  Turbo  Fan 

Engines,  Is  The  Newest  And  Most  Advanced  Marine 

Gas  Turbine  Engine  Used  By  The  Navy 

(1)  The  Navy  LM  2500  Marine  Gas  Turbine  Engine 
program  provides  for  use  of  the  engine  in  new 
construction,  procurement  of  replacement/spare 
parts  and  a component  improvement  program 

(2)  Cost  estimates  for  the  LM  2500  are  generated 
by  several  organizations 

(3)  The  methodology  for  LM  2500  cost  estimating 
is  not  standardized 

(4)  An  historical  track  of  cost  estimates  for  the 
LM  2500  modules  is  difficult  to  develop  by 
reason  of  lack  of  records  and  inconsistency 
of  estimate  format 

(5)  The  unit  cost  of  an  LM  2500  module  rose  about 
$1  million  in  seven  years 

(6)  Cost  estimates  by  Navy  for  LM  2500  modules 
have  been  consistently  higher  than  actual 
costs 

(7)  Evaluation  of  the  Navy  LM  2500  cost  estimat- 
ing capability  indicates  that  it  should  be  im- 
proved 
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ESTIMATING  PERFORMANCE  OF  THE  NAVY 


The  study  has  thus  far  examined  NAVSEA  cost  estimating  from  an 
organizational  point  af  view.  Additionally,  to  gain  perspective  on  the 
strengths  and  weaknesses  of  NAVSEA,  other  organizations  were  examined 
and  comparisons  drawn. 

What  remains  to  round  aut  the  study  is  an  assessment  of  the  perform- 
ance of  NAVSEA  and  that  is  covered  in  this  section.  The  estimation  of  all 
new  or  modified  ships  during  FY  1975  and  1976  have  been  studied.  Beyond 
that,  studies  af  three  representative  ship  programs  and  eight  items  of  Govern- 
ment Furnished  Material  (GFM)  are  discussed.  The  objectives  in  these  case 
studies  were  to  determine  the  quality  of  estimating,  first;  then  determine 
whether  actions  taken  by  others,  either  In  program  management  ar  the  poli- 
tical environment  influence  estimates  and  distort  their  original  accuracy. 

1 . OVER  THE  LAST  EIGHT  YEARS,  FUNDS  REQUESTED  FOR  SHIP- 
BUILDING PROGRAMS,  WHICH  TOTALLED  $18  BILLION,  HAVE 
GROWN  TO  $22  BILLION 

Between  the  FY  1970  and  FY  1977  budgets,  the  Navy  requested 
funding  for  132  ships  of  13  major  types  totalling  some  $18.8  billion.  In  late 
1976,  the  Navy  estimated  that  to  maintain  this  program  in  a fully  funded 
status,  $22.2  billion  would  be  required  — an  18  percent  increase  aver  the 
years  totalling  $3.4  billion. 
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The  18  percent'  may  be  somewhat  misleading,  however,  since  cost 
growth  in  1976  and  1977  is  minimal,  if  any.  These  programs  have  just  started 
construction  or  in  some  cases  are  in  the  bidding  process  and,  therefore,  tend 
to  distort  cost  growth  if  recent  history  repeats  itself. 

As  is  pointed  out  in  Chapter  I,  the  largest  cost  increase  by  far  is 
growth  in  unanticipated  escalation  and  basic  construction.  Very  weak  third, 
fourth  and  fifth  causes  are  unanticipated  growth  in  change  orders,  ordnance 
and  propulsion.  Figure  E.l  following  shows  this. 

FIGURE  E.l 


ELEMENTS  OF  TOTAL 
PROGRAM  COST  GROWTH 
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In  terms  of  dollar  values,  the  following  relate  to  the  percentages 


shown  in  the  figure: 


. Escalation $1,500,000,000 

. Basic  Construction 1,200,000,000 

. Change  Orders 238,000,000 

. Propulsion  136,000,000 

. Ordnance  136,000,000 

All  Other  204,000,000 


It  is  clear  that  the  Navy  shared  with  many  organizations  — public  and 
private  — the  problem  of  unanticipated  escalation.  Over  $1  billion  of  un- 
anticipated inflation  can  be  shown  to  have  occurred  on  the  high  dollar  value 
programs  (SSN,  TRIDENT  end  FFG)  constructing  during  recent  years.  This 
problem  is  further  compounded  by  government-directed  escalation  rates  which 
were  often  unrealistic.  An  additional  factor  is  the  difference  in  escalation 
and  inflation-related  factors  between  industries  where  shipbuilding,  for 
example,  seems  to  have  been  affected  to  a greater  degree  than  other 
industries. 

It  is  another  matter,  however,  with  regard  to  overruns  in  basic  con- 
struction, ordnance  and  electronics.  It  is  the  responsibility  of  the  Navy  to 
be  equipped  to  make  reasonable  predictions  in  these  areas.  As  a procurement 
"giant, 11  knowledge  of  the  shipbuilding  industry,  expertise  in  product  engin- 
eering, and  experience  in  project  management  are  areas  in  which  the  Navy 
should  excel.  Case  studies  and  estimate  tracking,  however,  have  shown  this 
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to  be  open  to  question. 


2.  NAVSEA  BASIC  CONSTRUCTION  ESTIMATES  — WHEN  COMPARED 
WITH  CONTRACT  AWARD  AND  END  COST  FIGURES  --  SHOW 
WIDE  VARIANCES 

The  reasons  for  cost  growth  in  basic  construction  are  not  highly  visible. 
It  can  be  caused  by  such  varied  factors  as  inflation,  design  development 
problems,  poor  estimates,  lowered  productivity,  fluctuating  overhead,  mar- 
ket changes,  building  period  misestimates,  etc.  It  is  this  portion  of  the  end 
cost  estimate  that  depends  most  upon  the  skill  and  capability  of  the  NAVSEA 
Cost  Estimating  Group  in  that  basic  construction  cost  can  vary  from  30  to  70 
percent  of  the  end  cost  of  a ship.  It  is  the  portion  of  the  end  cost  that  is 
calculated  solely  by  NAVSEA  01  G and  can  usually  be  compared  directly  to 
the  shipyard  contract  price,  i.e.,  target  price.  Thus,  the  comparison  of  the 
basic  construction  figure  to  the  contract  price  can  demonstrate,  to  a large 
degree,  performance  on  a specific  ship  case. 

Table  E.1  shows  NAVSEA  01  G estimating  performance  for  FY  1975 
and  FY  1976  (excluding  program  awards  based  on  option  agreements  of  prior 
year  procurements).  In  FY  1975,  NAVSEA  estimates  supplied  to  Congress 
were  35  percent  below  the  contract  or  low  bid  price.  In  FY  1976,  their 
figure  was  12  percent  lower  than  contracts  awarded. 


E-4 


BASIC  CONSTRUCTION  ESTIMATES 
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In  order  to  determine  why  basic  construction  experiences  such  growth, 
the  following  cases  were  examined  in  detail  for  the  FY  1975  program: 

. SSN  688  class  — 3 Submarines 
. FFG  7 class  — 3 Frigates 

. AD  41  — 1 Destroyer  Tender 

. ARDM  4 — 1 Floating  Dry  Dock 

(1)  The  SSN  711,  712  And  713  Budgeted  In  FY  1975,  Although 
Repeat  Ships,  Were  Underestimated  By  22  Percent 

The  SSN  711,  712  and  713  are  the  24th,  25th  and  26th  ships 
of  the  SSN  688  Class  submarines  and  were  awarded  to  Newport  News 
on  August  1,  1975.  The  SSN  688,  the  first  of  the  class,  was  awarded 
to  the  same  builder  over  four  years  earlier  on  January  8,  1971  . Sub- 
sequent to  January  1971  , eight  ships  had  been  awarded  to  Newport 
News  and  18  to  General  Dynamics  - Electric  Boat  Division. 

The  basic  construction  cost  estimate  for  the  FY  1975  ships 
made  on  July  10,  1973  was  $254,400,000  for  the  three  ships  or  about 
$84,800,000  each.  The  total  end  cost  for  the  program  of  three  ships 
was  estimated  to  be  $580,500,000.  The  most  recent  budget  document, 
dated  June  1,  1977,  estimates  basic  construction  at  $309,493,000  for 
the  three  ships  or  $103,164,000  each  based  on  the  contract  price. 

The  increase  in  basic  construction  from  July  1973  to  August  1975  is 
approximately  22  percent. 
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The  initial  estimate  prepared  for  the  FY  1975  budget  made 
in  July  1973  was  based  on  General  Dynamics  - Electric  Boat  bid  data 
of  November  1970,  adjusted  for  construction  learning  and  inflation. 
The  estimate  considered  only  three  large  aggregations  of  cost  — en- 
gineering man-hours,  production  man-hours,  and  material.  All  the 
notations  on  the  estimating  back-up  sheets  indicate  that  the  $84.8 
million  is  for  each  of  five  ships,  regardless  of  the  fact  that  only  three 
were  in  the  budget. 

The  revised  estimate  of  $103,164,000  was  based  on  Newport 
News  bid  data  of  January  30,  1975.  The  major  elements  of  cost 
growth  related  to  the  basic  construction  estimate  was  labor  man-hours 
and  material.  The  material  increased  by  47  percent  and  labor  and 
overhead  cost  was  20  percent  greater  than  the  NAVSEA  estimate. 

On  hindsight,  this  overrun  in  material  could  be  expected 
since  it  bridged  the  years  of  highest  inflation.  In  fact,  between  the 
time  the  estimate  was  made  in  mid-1973  and  the  materials  were  pur- 
chased in  1975  and  1976,  material  costs  increased  by  as  much  as 
100  percent  according  to  the  NAVSEA  index.  It  is  unlikely  that  this 
aberration  would  have  been  foreseen  by  anyone. 

After  granting  this  exception,  however,  it  must  be  noted  that 
the  procedure  used  in  estimate  preparation  would  in  most  cases  tend 
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to  provide  less  than  adequate  data.  The  guide  to  material  costs 
utilized  in  mid-1973  was  bid  data  from  late  1970.  Data  from  a time 
period  about  four  years  prior  to  the  material  purchase  period  was  used 
when  return  data  from  other  partially  completed  SSN  688  class  ships 
was  available.  This  four  year  difference  could  have  been  reduced  to 
two  years  and  in  almost  all  cases  (except  1974  and  1975)  material 
trends  would  have  been  recognized. 
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SUMMARY  OF  SSN  COST  GROWTH  ON 
FY  1975  BUDGET 
(3  - SSN  688  Class) 


Breakdown  of  Estimate 

Orig.  Est. 
Approved 

By  Congress 

4/77 

Current 

Estimate 

Estimate 

Change 

Plan  Costs 

(000) 

12,000 

(000) 

15,000 

(000) 

3,000 

Basic  Construction 

254,400 

309,493 

55,093 

Change  Orders 

21,000 

24,707 

3,707 

Electronics 

55,410 

54,900 

(510) 

Propulsion  Equipment 

105,900 

105,900 

- 

Hull,  Mechanical,  Electrical 

55,707 

51,000 

(4,707) 

Other  Costs 

5,400 

3,600 

(1,800) 

Ordnance 

8,550 

9,000 

450 

Future  Characteristics  Change 

6,000 

5,100 

(900) 

Escalation  Budgeted 

33,885 

160,200 

126,315 

Escalation  Earned 

- 

- 

- 

Project  Managers  Growth  Factor 

22,248 

- 

(22,248) 

Total  Ship  Estimate  (3  ships) 

580,500 

738,900 

158,400 

The  above  table 

shows  two  primary 

areas  of  grow 

th  — basic 

construction  (21.7  percent),  escalation  (372  percent)  which  along 


with  other  increases  and  decreases  makes  for  an  overall  increase  for 
the  total  ship  of  27  percent. 

(2)  The  FFG  8,  9 And  i0/  Which  Are  First  Production  Hulls, 

Have  Thus  Far  Experienced  A 30  Percent  Cost  Growth 

The  FFG  ships  in  the  FY  1975  program  are  the  FFG  8,  9 and  10, 
and  were  awarded  to  Todd  Shipbuilding  (both  San  Pedro  and  Seattle  yards) 
and  Bath  Iron  Works  on  February  27,  1976,  for  a total  $165,665,753 
target  price  including  profit.  The  original  basic  construction  budget 
estimate  is  recorded  on  the  budget  document  as  $110,940,000.  This 
reflects  the  proration  made  by  Congress  when  the  program  was  reduced 
from  seven  ships  to  three.  The  records  of  SEA  01  G show  that  their 
basic  construction  cost  estimate  for  three  ships  at  that  time  to  be 
$129,140,000.  The  $165,665,753  does  not  include  the  gas  turbine 
propulsion  system  and  generators  as  does  the  $129,140,000  because  it 
was  decided  in  the  period  between  estimates  and  contract  award  to 
procure  this  equipment  as  Government  Furnished  Equipment  in  lieu 
of  CFM.  A comparable  figure  of  $193,205,753  is  then  obtained  by 
adding  $27,540,000  for  this  equipment  to  the  $165,665,753  figure. 

According  to  this  record  of  cost  estimating,  the  Navy  under- 
estimated the  FY  75  FFG  program  by  52  percent. 

Records  in  SEA  01  G indicate  that  the  back-up  for  the  contract 
price  of  the  FFG  8 exceed  the  corresponding  Navy  estimates  as  follows: 
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. Labor  hours  37% 

. Overhead  73% 

. Material  47% 

Profit  77% 

. Total  Basic  Ship  52% 


TABLE  E.3 

1977  NAVY  BUDGET  ESTIMATES  FOR 
FY  75  FFG  FOLLOW  SHIPS  (3) 
(Dollars  in  Thousands) 


Breakdown  of  Estimate 

6/74 

Orig.Est. 
Approved 
By  Congress 

8/74 

NAVSEA 

Revised 

Estimate 

4/77 

Current 

Estimote 

6/74 

Estimote 

Chonge 

8/74 

Estimote 

Chonge 

Plon  Costs 

1,020 

2,580 

2,580 

1,560 

- 

Basic  Construction 

110,940 

148,650 

164,680 

53,740 

16,030 

Change  Orders 

3,360 

3,720 

20,900 

17,540 

17,180 

Electronics 

13,110 

16,300 

30,680 

17,570 

12,380 

Propulsion  Eauipment 

• 

- 

27,540 

27,540 

27,540 

Hull,  Mechanicol,  Electricol 

4,170 

6,180 

8,740 

4,570 

2,560 

Other  Costs 

330 

840 

1,180 

850 

340 

Ordnance 

37,110 

60,870 

75,730 

38,620 

14,860 

Future  Characteristics  Changes 

- 

- 

- 

- 

- 

Esca lotion  Budgeted 

11,100 

44,500 

55,510 

44,410 

11,010 

Escalation  Eorned 

• 

- 

3,000 

3,000 

3,000 

Project  Managers  Growth  Foctor  4,860 

9,660 

13,060 

8,200 

3,400 

Total  Ship  Estimate  (3  ships) 

I 186,000 

295,300 

403,600 

217,600 

101,300 

The  conclusion  that  is  drawn  from  the  review  is  that  official 
budget  documents  show  an  overrun  for  the  total  ship  estimate  (three 
ships)  to  be  117  percent  or  37  percent  depending  on  the  base  used. 
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If  would  appear  based  on  documenfafion  made  available, 
fhaf  fhe  underesfimafe  for  basic  consfrucfion  was  abouf  52  percenf. 

This  basic  consfrucfion  esfimafe  of  $129,140,000  (fhree  ships) 
was  revised  substantially  in  August  1977,  two  months  after  the  seven 
ship  estimate  was  developed,  which  increased  the  cost  to  $148,650,000. 

This  new  estimate  includes  what  is  described  as 

. "Reflects  experience  learned  on  lead  FFG" 

. "Includes  additional  (4th)  SSDG*" 

The  cost  growth  from  this  revised  basic  construction  estimate 
to  the  current  esfimafe  of  $164,680,000  is  approximately  11  percent. 

(3)  The  AD  41 , Which  Is  A Repeat  Of  The  AD  37 and  38,  Is 

Experiencing  A Current  Overrun  Of  80.5  Percent 

There  have  been  only  two  Destroyer  Tenders  (ADs)  built  since 
World  War  II.  The  AD  37  and  AD  38  were  built  in  the  Puget  Sound 
Naval  Shipyard  and  delivered  in  September  1967  and  August  1968. 

The  AD  41  is  the  third  of  a new  class  destroyer  fender  with  the  capa- 
bility to  service  nuclear  ships.  The  original  budget  estimate  to  Con- 
gress, prepared  October  11,  1971  for  the  FY  1973  budget  was  based 
on  return  costs  of  the  first  two  ships  — the  AD  37  and  38.  It  was 
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estimated  that  the  basic  construction  cost  for  a third  AD  in  the  FY 
1973  SCN  program  would  be  $81  .9  million  if  built  in  a naval  ship- 
yard end  $64,6  million  if  built  in  a commerical  shipyard. 

The  FY  1973  estimate  took  into  account  Headquarters  Modi- 
fication Requests  and  other  changes  not  included  in  the  AD  37  and 
38  design  such  as  an  accommodation  change  from  a Type  Command 
Ship  to  a Flotilla  Command  Ship.  For  all  changes,  however,  the 
light  ship  weight  increased  only  72  tons  to  the  current  estimate  of 
13,271  Light  Ship  Tons. 

The  AD  was  dropped  from  the  FY  1973  program  due  to  fiscal 
constraints  but  reappeared  in  the  FY  1975  program.  SEA  01  G re- 
estimated  the  AD  41  on  March  23,  1973  for  the  FY  1975  program  on 
the  besis  of  bids  received  on  similar  ships  — the  AS  39  and  40  re- 
ceived from  Litton  and  General  Dynamics  in  June  1972.  Using  the 
nine  group  breakdown  from  these  bids,  the  basic  construction  costs  in 
FY  1975  were  re-estimated  at  $90.4  million.  Table  E.4  following 
details  the  estimate  and  subsequent  cost  history. 
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TABLE  E.4 


AD  41  ESTIMATE  HISTORY 


04/75 


FY  73 
Budget 

FY  75 
Budget 

08/74 

SCA 

OSD 

Approved 

Budget 

Estimate 

(10/71) 

(3/73) 

(6/76)* 

Man-hours** 

3,844 

3,900 

5,838 

5,838 

6,342 

Labor  Rate 

$8.26 

$10.24 

$10.04 

$10.61 

$11.74 

(direct  & overhead) 

Labor  Cost** 

$31,738 

$ 39,916 

$ 58,610 

$ 61,967 

$ 74,447 

Material  Cost** 

$26,998 

$ 41,255 

$ 51,750 

$ 54,015 

$ 70,953 

Profit  Rate 

10% 

11% 

11% 

12% 

11.87% 

Basic  Construction** 

$64,610 

$ 90,400 

$122,500 

$129,900 

$162,737 

Contract  Escalation** 

$ 3,576 

$ 5,460 

$ 38,500 

$ 40,054 

$ 44,375 

Change  Orders 

$ 3,000 

$ 4,525 

$ 6,100 

$ 6,500 

$ 22,300 

Allowance** 

GFE** 

$10,160 

$ 9,202 

$ 13,958 

$ 17,303 

$ 8,700 

Other** 

$ 5,554 

$ 7,113 

$ 6,442 

$ 6,943 

$ 8,188 

End  Cost** 

Estimate  Classification 

$86,900 

"C" 

$116,700 

"C" 

$187,500 

$200,700 

$246,300 

* Based  on  NASSCO  Bid  of  December  1975 
**  Expressed  in  thousands 


In  August  1974,  the  AD  basic  construction  cost  was  re- 
estimated  in  a Ship  Cost  Adjustment  review  and  increased  to 
$122,500,000  with  an  associated  end  cost  of  $187,500,000.  This 
estimate  was  based  upon  a re-bid  of  the  AS  39  and  40  by  Lockheed 
in  November  1973.  Lockheed  was  the  sole  bidder  and  was  given  a 
cost  plus  fixed  fee  contract  for  the  AS  39  and  40  in  November  1974. 
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The  AD  41  estimate  was  again  revised  on  March  31 , 1975  to 
reflect  a three  month  delay  in  award  which  increased  the  end  cost  to 
$200,700,000  from  $187,500,000.  Finally,  the  last  estimate  shows 
$162,737,000  for  basic  construction  and  $246,300,000  for  end  cost 
based  on  the  NASSCO  bid  and  subsequent  award  of  the  AD  41  on 
December  15,  1975.  The  basic  construction  cost  has  subsequently 
grown  to  $171 ,500,000  as  shown  on  the  latest  Ship  Cost  Adjustment 
reports. 


The  cost  growth  in  basic  construction  between  the  March  1973 
estimate  of  $90.4  million  and  the  bid  estimate  of  $162,737,000  is 
summarized  in  Tables  E.5and  E.6. 


TABLE  E.5 

ESTIMATED  VERSUS  ACTUAL  COST  GROWTH 
BY  MAJOR  CATEGORY 
AD  41 


Percent  Growth 


Light  Ship  Weight 

1.4 

Labor  and  Engineering  Man-hours 

62.5 

Labor  Costs 

118.5 

Material  Costs 

75.5 

Overhead  Costs 

74.5 

Profit 

95.5 

Basic  Construction  Cost 

80.0 
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Table  E.5  shows  the  percent  growth  that  took  place  between 
March  1973  and  June  1976  by  major  cost  category.  The  significance 
of  this  comparison  is  the  remarkable  consistency  of  miscalculation  of 
all  major  estimating  categories  when  the  physical  changes  were 
minor  — increasing  the  ship's  weight  by  only  1 .4  percent.  This  may 
have  been  due  to  a rapid  change  in  productivity  and  material  costs. 
Table  E.6  below  shows  the  same  cost  differences  in  the  form  of  the 
nine  cost  group  breakdown. 


TABLE  E.6 

ESTIMATED  VERSUS  ACTUAL  COST  GROWTH 
BY  NINE  COST  GROUPS 
AD  41 


Growth  Percentag 

e — 

Man-hours 

Material  * 

Ship  Changes  ** 

Hull  Structure 

53.5 

48.0 

— 

Propulsion  Plant 

25.7 

113.0 

- 

Electric  Plant 

- 25.5 

6.0 

- 

Command  and 
Surveillance 

24.0 

111.0 

-20.0 

Auxiliary  Systems 

63.8 

102.0 

+3.0 

Outfit  and  Furnishings 

54.8 

94.0 

+8.0 

Armament 

38.1 

-28.0 

-50.0 

Integration  Engineering 

142.3 

-56.3 

- 

Ship  Assembly  and 
Support 

* Dollars 
**  Weights 

74.2 

233.0 
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According  to  the  Navy  Material  Index,  material  prices  grew 
55  percent  between  March  1973  and  December  1975.  The  material 
inflation  growth  shown  in  Table  E.5  (by  comparing  the  March  1973 
estimate  to  the  current  estimate)  is  75.5  percent.  This  may  be  due 
in  some  degree  to  the  NASSCO  practice  of  extensive  subcontracting. 
The  difference  in  labor  hours  of  62.5  percent  then  becomes  even 
more  difficult  to  explain  when  the  characteristics  of  the  ship  remained 
essentially  unchanged.  In  fact,  the  weight  growth  was  only  1 .4 
percent.  This  is  either  the  result  of  bad  estimating  or  a rapid  deteri- 
oration of  productivity  that  could  not  be  predicted.  The  succeeding 
Table  E.6  shows  variations  in  labor  estimates  among  the  nine  cost 
groups  from  -25.5  percent  to  142.3  percent,  a range  of  168  percent. 

From  records  in  SEA  01  G,  it  would  appear  that  no  attempt 
has  been  made  to  record  the  results  of  the  contract  negotiation  to 
reconcile  these  wide  differences  as  a protection  against  similar  dis- 
crepancies in  the  future.  Possible  explanations  of  these  differences 
may  be: 

. The  effect  of  a seller's  market  where  the  shipbuilders 

were  willing  to  take  Navy  work  only  if  they  had 
sufficient  man-hours  to  cover  all  possible  contin- 
gencies such  as: 

- Quality  control  and  rework 

- Hidden  specifications  requirements 
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- Disruption  caused  by  changes  or  late  GFM 

- Unexpected  engineering  documentation 
Compliance  with  DOD  INST  7000.2 
Productivity  considerations 

. The  AS  bids  of  June  1972  by  Ingalls  and  General 

Dynamics  may  have  been  very  low  and  SEA  01  G 
reflected  the  data  in  the  AD  41  estimates. 

. The  NASSCO  bid  may  have  been  high  due  to  a back- 

log of  commercial  work  and  due  to  its  man-hour 
overrun  on  the  AOR  7.  SEA  01  G,  again,  did  not 
have  sufficient  data  or  insight  to  detect  it. 

. Since  Puget  Sound  Naval  Shipyard  delivered  a similar 

ship  in  1967  with  considerably  fewer  man-hours 
expended,  something  dramatic  happened  to  produc- 
tivity and/or  it  had  become  increasingly  difficult  to 
work  with  the  Navy. 

NAVSEA  had  demonstrated  in  this  instance  that  they  have  the 
capability  to  extrapolate  experience  from  similar  ships  to  derive  a 
cost  estimate,  but  in  budget  preparation  during  that  period,  the 
group  did  not  detect  the  impact  of  rapid  changes  in  productivity, 
market  conditions  and  inflation. 


NAVSEA  was  and  is  not  prepared  to  question  a shipyard 
estimate  by  individual  cost  group  which  deals  with  man-hour  and 
material  details.  This  is  due  to  a lack  of  readily  retrievable  current 
bid  and  return  cost  data.  This  type  of  information  is  needed  to 
detect  productivity  and  other  general  trends  — which  is  difficult 
under  any  conditions.  Currently  NAVSEA  is  increasing  labor 
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estimates  by  15  percent  to  reflect  changes  in  productivity. 

(4)  The  ARDM  4 Has  Experienced  A Cost  Growth  Of  52.4  Percent 

The  ARDM  4 is  the  first  drydock  to  be  built  by  the  Navy  since 
World  War  II.  The  basic  construction  estimate  dated  March  13,  1973 
was  $16,350,000  and  carried  a "D"  classification.  This  estimate 
was  included  in  the  FY  1975  budget  submission  to  Congress.  Two 
years  later,  on  February  14,  1975,  a contract  estimate  was  prepared 
prior  to  receipt  of  bids  and  the  cost  was  re-estimated  at  $18,640,000 
on  an  adjusted  price  basis  which  took  into  account  unanticipated 
inflation  that  took  place  from  1973  to  1975.  On  July  29,  1975  bids 
were  received  from  a single  bidder  — Bethlehem  Steel  Company  — 
for  $24,996,000  on  an  adjusted  price  basis  (i.e.,  to  be  adjusted  for 
labor  and  material  escalation  during  contract).  A reconciliation 
was  attempted  to  account  for  the  difference  between  the  Navy  esti- 
mate and  Bethlehem's.  This  review  led  to  a voluntary  price  reduction 
of  $569,000  by  Bethlehem  and  an  award  was  then  made  on  October 
23,  1975  for  $24,427,000. 

A comparison  of  the  end  cost  breakdown  prepared  for  the 
FY  1975  budget  on  March  13,  1973  and  the  most  recent  estimate  of 
June  1977  is  shown  in  Table  E.7. 
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TABLE  E.7 


ARDM  4 COST  GROWTH 
(Dollars  in  Thousands) 


Budget 

Estimate 

Estimate 
as  of 

Percent 

3/13/73 

6/77 

Growth 

Construction  Plans 

500 

mm 

Basic  Construction 

16,350 

24,300 

48.6 

Basic  Changes 

1,650 

2,000 

21 .2 

Future  Delivery  Charges 

800 

- 

- 

Escalation  Budgeted 

- 

2,600 

- 

Other  Costs 

440 

500 

13.6 

Grand  Total 

19,740 

29,400 

48.9 

The  $16,350,000  estimate  of  March  13,  1973  was  classified 
by  the  estimator  as  "D"  quality  and,  in  doing  so,  indicated  that  it 
should  not  be  considered  budget  quality.  Nevertheless,  it  was  used 
for  the  budget  submission  and  the  record  does  not  provide  further 
explanation. 


As  can  be  seen,  the  major  contributor  to  cost  growth  is  in 
the  estimate  for  basic  construction  (49  percent).  One  cause  of  this 
difference  is  in  the  area  of  labor  rate.  It  is  shown  in  Table  E.8  that 
the  quantity  of  labor  was  22  percent  less  than  the  NAVSEA  estimate 
and  further  that  Bethlehem  used  $9.44  per  hour  compared  to  the 
Navy's  $5.40  per  hour.  Bethlehem  presented  back-up  that  finally 
convinced  the  Navy  that  this  rate  was  reasonable  for  the  Bethlehem 
shipyard. 
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The  breakdown  of  percent'  differences  in  the  basic  construction 
estimate  is  shown  in  the  following  table.  It  is  a comparison  of  the 
Navy  man-hours  and  material  estimate  of  March  13,  1973  and  the 
accepted  Bethlehem  bid  dated  July  29,  1975. 


TABLE  E.8 

COMPARISON  OF  ARDM  4 ESTIMATE 
VERSUS  BID 


Percentage 

Growth 

Labor  Man-hours 

Material 

100 

Hull  structure 

_ 

57 

+ 

12 

200 

Propulsion  Plant 

- 

- 

300 

Electric  Plant 

37 

+ 

154 

400 

Command  & Surveillance 

- 

45 

+ 

171 

500 

Auxiliary  Systems 

- 

38 

+ 

159 

600 

Outfit  and  Furnishings 

- 

26 

+ 

144 

700 

Armament 

- 

- 

800 

Integration  Engineering 

- 

41 

+ 

1,650 

900 

Ship  Assembly/Support 

+ 

140 

382 

Services 

0 

TOTAL 

- 

22 

+ 

162 

The  record  does  not  indicate  that  the  drydock  design  changed 
in  the  intervening  time  so  that  when  comparisons  of  estimated  man- 
hours and  material  costs  are  examined,  differences  are  so  large  that 
one  can  conclude  that  either  the  Navy  greatly  under-estimated  the 
job  or  Bethlehem  had  greatly  over-priced  it.  The  ship  is  now  under 
construction  on  a fixed  price  contract,  hence,  it  will  be  some  time 
before  the  reason  can  be  known.  In  any  event,  since  the  Navy  did 
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accept  the  Bethlehem  bid,  the  overrun  is  real  and  as  far  as  bud- 
geting is  concerned,  it  was  underestimated. 

Bethlehem  did  submit  a detailed  estimate  to  back-up  their 
bid  but  since  NAVSEA  uses  only  a nine  group  breakdown  in  their 
estimating,  a sole  source  award  was  considered  without  benefit  of 
knowing  in  detail  why  man-hour  and  material  cost  differences  were 
so  large.  SEA  01  G subsequently  examined  the  Bethlehem  bid  back- 
up, met  with  Bethlehem  officials,  and  decided  that  the  price  was 
reasonable.  Upon  this  advice,  the  contracting  officer  negotiated 
the  contract. 


In  retrospect,  several  considerations  should  be  kept  in  mind. 

. Market  conditions  were  such  that  Bethlehem  was  the 

sole  bidder.  If  the  market  had  been  such  that  several 
bids  had  been  received,  it  would  not  have  been  un- 
reasonable to  expect  a low  bid  up  to  25  percent  less 
than  that  submitted  by  Bethlehem. 

. NAVSEA  made  its  budget  estimate  31  months  prior  to 

award.  During  this  period,  the  NAVSEA  "Cost 
Group"  Index  increased  60  percent,  which  is  twice 
what  might  have  been  reasonably  expected  in  1973. 


It  could  be  concluded  that  had  the  market  conditions  of  1973 
continued  into  1975  and  had  material  inflation  remained  within 
reasonable  limits,  the  Navy's  March  31,  1973  estimate  of 


E— 21 


$16,350,000  would  still  have  been  on  the  low  side  --  but  not  as 
seriously  as  it  seems  now. 

(5)  SEA  01  G Estimating  Performance  On  Ships  Contracted  For  In 

The  FY  1975-1976  Budget  Averaged  30  Percent  Below  The 

Contract  Price 

Table  E.9  shows  NAVSEA  estimating  performance  in  relation 
to  design  status  (i.e.,  new  or  repeat),  time  lapse  between  the  bud- 
get estimate  and  award,  and  the  difference  in  estimated  values  used 
by  Navy  and  low  bidder  for  labor  hours,  material  dollars  and  over- 
head cost. 

In  FYs  1975  and  1976,  the  only  new  designs  were  the  ARDM  4 
and  the  AO.  The  remainder  consists  of  repeat  designs  with  no  changes 
in  design  which  would  affect  price  after  the  initial  estimate  to  any 
great  extent. 

With  regard  to  labor  hours,  the  Navy  estimates  were  sub- 
stantially less  than  the  bidder  except  for  the  ARDM  4 and  the  SSN 
688.  In  the  case  of  the  ARDM  4,  the  labor  rate  used  by  the  bidder 
was  75  percent  higher  than  that  used  by  the  Navy;  however,  the 
number  of  man-hours  used  by  the  bidder  was  22  percent  less.  Over- 
head estimates  (in  two  cases)  were  about  74  percent  low.  The  most 
consistent  difference  is  with  respect  to  material  costs. 
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2/  No  documentation  available  to  make  this  determination. 
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TABLE  E.9 


The  effort  to  quantify  the  estimating  capability  of  NAVSEA 
was  complicated  by  the  fact  that  the  continuity  and  quality  of  esti- 
mate records  in  NAVSEA  over  the  33  month  time  span  between  the 
budget  and  time  of  award,  e.g.,  AD  estimate  for  FY  1975,  are  com- 
pletely inadequate.  This  was  demonstrated  by  the  inordinate  amount 
of  time  spent  by  study  staff  and  NAVSEA  personnel  to  track  this 
relatively  small  sample  of  estimating  performance.  A more  compre- 
hensive analysis  of  performance  was  precluded  by  inadequate  estimate 
documentation.  The  limited  examples  included,  however,  do  repre- 
sent almost  all  of  NAVSEA's  estimating  activities  for  the  1975 
program . 

What  has  been  found  is  that  the  Navy  failed  to  recognize, 
in  the  1972  through  1974  time  frame,  the  magnitude  of  changes 
taking  place  which  were  changing  the  character  of  the  industry. 

. Increasing  labor  costs 

. Skyrocketing  material  costs 

. A rapid  drop  in  labor  productivity 

. Rapid  growth  in  overhead  cost 

, Effects  of  a seller  market  in  the  industry 

This  is  not  to  forget  the  difficulties  in  predicting  prices  and 
costs  two  to  three  years  in  advance  of  contract  award  even  under 
the  most  favorable  circumstances.  Navy  estimators  have  even 
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greater  difficulty,  however,  because  of  late  program  changes  and 
poor  product  definition.  In  addition,  the  allowances  by  OSD  for 
future  inflation  have  proved  in  the  past  to  be  inadequate. 

Considering  this  environment,  the  Navy  should  have  a par- 
ticularly strong  and  capable  Cost  Estimating  and  Analysis  group  to 
cope  with  these  conditions  — perhaps  an  elite  group  might  be  the 
term . 


This  study  of  the  FY  1975-1976  program  has  brought  to  light 
a number  of  problems  that  can  be  noted. 


Cost  estimates  were  calculated  in  too  aggregated  a 
manner  (nine  cost  groups).  Greater  accuracy  and 
familiarity  with  design  features  and  weapons  systems 
could  be  expected  if  estimates  were  to  reflect  avail- 
able detail  of  the  design  development. 

Data  banks  were  inadequate  and  not  in  a form  that 
facilitates  rapid  retrieval  of  data  in  usable  form. 
Neither  do  they  contain  the  mass  of  pertinent  cost 
data  that  is  available  within  the  Navy  or  properly 
available  to  it. 

Estimate  documentation  setting  forth  the  rationale 
behind  an  estimate,  data  source,  purpose,  design 
data,  etc.,  in  most  cases,  was  incomplete  and/or 
nonexistent. 

No  systematic  effort  was  made  to  monitor  and  analyze 
return  costs  in  on-going  programs  to  keep  Cost  Esti- 
mating Relationships  up-to-date  or  to  determine 
current  productivity  trends. 
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The  estimating  and  cost  analysis  staff  had  very 
limited  contact  with  shipyard  and  industry  counter- 
parts. As  a result  they  did  not  have  an  opportunity 
to  keep  abreast  of  current  developments  and  trends 
until  it  was  too  late . 


The  cost  analysis  and  estimating  staff  is  a dedicated 
group  having  implemented  many  previous  study  re- 
commendations, but  on  the  whole,  has  been  insuf- 
ficient in  numbers,  experience,  training  and  budget 
resources  to  adequately  estimate  complex  Navy  ships. 

In  addition  to  the  lack  of  estimate  documentation, 
record  keeping  in  the  Division  was  poor.  No  records 
were  kept,  for  example,  of  where  time  is  spent  on 
the  numerous  functions  assigned  to  the  Division. 


Supervision  was  insufficient  in  that  alj  supervisors 
through  GS  15  were  working  supervisors  and  often 
could  not  give  adequate  guidance  to  subordinates 
or  give  their  work  adequate  review. 
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II. 


THE  SELECTION  PROCESS  AND  TRACKING  PROCEDURES 


As  part  of  the  work  effort  a sampling  of  ship  and  GFM  acquisitions 
were  to  be  examined  to  determine  their  cost  history  and  estimate  accuracy. 

This  section  reports  how  the  selection  process  was  conducted  and  describes 
the  tracking  procedures. 

1 . A NUMBER  OF  SHIP  AND  GFM  CASES  WERE  SELECTED  FOR  MORE 
IN-DEPTH  STUDY  TO  PROVIDE  FURTHER  CLUES  AS  TO  THE  CAUSES 
Of  COST  GROWTH 

The  ship  cases  selected  demonstrated  cost  growth  between  the  Congress- 
ional budget  and  estimated  (or  actual)  end  cost  of 

. 53  percent  for  the  A OR  7 

. 20  percent  for  the  SSN  678 

. 41  percent  for  the  FFG  7 

These  ships  are  vastly  different  in  terms  of  program  development  status, 

engineering  sophistication,  economic  and  market  influences  during  building 
periods  and  priority  within  the  shipbuilding  program. 

To  illustrate  one  of  these  differences  — economic  influences  during 
the  building  periods  — Figure  E.2  shows  the  material  and  labor  inflation 
indices  between  the  years  1965  and  1977.  Superimposed  on  these  indices  are 
the  development  periods  for  each  of  the  three  ships.  The  difference  in  econ- 
omic environment  is  obvious. 
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FIGURE  E.2 

MATERIAL  COST  GROWTH  AND  KEY 
PROGRAM  DATES  FOR  SHIP  CASES 
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Before  describing  the  ship  programs  examined,  however,  a brief 
section  on  the  method  of  selecting  the  ship  and  GFM  items  to  be  tracked 
follows. 

2.  A SYSTEM  WAS  DEVISED  TO  SELECT  SHIPS  IN  A RATIONAL  WAY 

The  system  followed  involved  successive  elimination  of  ship  classes 
and,  then,  specific  ships  on  the  basis  that  those  retained  for  consideration 
possessed  a greater  number  of  the  features  that  would  involve  the  full  scope 
of  the  estimating  process. 


( 1)  The  Program  Years  Studied  Were  Limited  To  Fiscal  Years 
1970  Through  1977  To  Provide  Relevancy  To  The  Current 
Situation 

The  review  included  108  ships  of  12  different  types  in  the 
following  five  Budget  Activities:  1)  Bal  listic  Missile  Ships;  2)  Other 
Warships;  3)  Amphibious  Ships;  4)  Mine  Warfare  Patrol;  and 
5)  Auxiliaries  and  Craft.  Programs  that  were  not  included  are  those 
that  were  considered  as  being  not  representative  of  typical  ship  con- 
struction. These  were  the  SSBN  POSEIDON  conversions  wherein 
major  sections  of  the  ships  were  not  involved.  Also,  four  T-ATF  tugs 
and  smaller  craft  were  not  considered  because  of  their  relatively  small 
impact  in  the  SCN  appropriation. 
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The  following  listing  identifies  the  ship  classes  that  were 
reviewed.  For  information  purposes,  a brief  description  and  statement 
of  the  mission  of  these  ship  classes  is  contained  in  Exhibit  E.  1 which 
is  found  on  page  E-318. 


31  SSN  (688  class)  Nuclear  Submarines,  which  com- 
menced with  an  appropriation  for  the  construction  of 
three  ships  in  FY  1970  and  continued  with  three  ships 
or  more  each  fiscal  year  thereafter. 

5 SSBN  (TRIDENT)  Fleet  Ballistic  Missile  Submarines 
(nuclear  propulsion),  which  commenced  with  a single 
ship  in  FY  1974  and  are  continuing  at  one  or  two 
per  year. 

30  DD  (963  class)  Destroyers,  which  commenced  with 
an  appropriation  to  construct  three  ships  in  FY  1970 
and  continued  with  an  appropriation  for  six  or  seven 
through  FY  1975. 

18  FFG  (7  class)  Guided  Missile  Frigates,  which  com- 
menced with  a single  PF  (the  original  designation)  in 
FY  1973  and  are  continuing  at  varying  rates  since 
FY  1975. 

2 CVN  (68  class)  Aircraft  Carriers  (nuclear  propulsion), 
one  of  which  was  authorized  in  FY  1970,  the  other  in 
FY  1974. 

4 CGN  (38  class)  Guided  Missile  Cruisers  (nuclear 
propulsion),  one  of  which  commenced  in  FY  1970  with 
one  each  in  1971,  1972,  and  1975. 

4 LHA  (1  class)  General  Purpose  Amphibious  Assault 
Ships.  This  program  commenced  with  authorization  of 
a single  ship  in  FY  1969  (which  is  not  included  herein) 
and  two  each  in  1970  and  1971 . 
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3 AD  (41  class)  Destroyer  Tenders,  which  commenced 
in  FY  1975  and  continued  with  one  each  in  1976  and 
1977. 

3 AS  (39  class)  Submarine  Tenders,  which  commenced 
with  on  ship  in  FY  1972,  followed  with  one  in  1973 
and  another  in  1977. 

3 AO  (177  class)  Fleet  Oilers  budgeted  in  1976  and 
1977. 

1 AOR  (1  class)  Replenishment  Oiler  in  FY  1972. 

4 PHM  (1  class)  Guided  Missile  Patrol  Hydrofoils 
budgeted  in  1975. 


Table  E.  10  summarized  the  ship  classes  and  numbers  of  ships 


authorized  over  the  study  period. 


TABLE  E.  10 

Ships  Authorized  and  Fiscal  Year  of  Authorization 


Type  1970  1971  1972  1973  1974  1975  1976  1977 


SSN 

TRIDENT 

DD 

FFG 

CVN 

CGN 

LHA 

AD 

AS 

AO 

AOR 

PHM 


3 4 

3 6 

1 

1 1 

2 2 


5 6 

7 

1 

1 

1 1 

1 


5 

1 

7 

1 


3 2 3 

2 1 1 

7 

3 6 8 

1 

1 1 1 

1 

2 . 1 

4 
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(2)  Factors  Considered  in  Making  Selections 


Many  factors  were  considered  in  the  review  process  before  a 
recommendation  was  made  as  to  the  ships  to  be  selected  for  tracking. 

The  written  record,  particularly  reports  of  Congressional  hearings, 
discuss  in  some  detail  the  problem  of  cost  growth  over  original  estimates, 
the  rapidly  rising  cost  of  naval  ships  (aside  from  the  growth  problem), 
the  quality  of  Navy  estimates,  the  diminishing  number  of  shipyards  in 
which  naval  ships  are  being  constructed,  shipyard  attitude  toward 
Navy  and  vice  verse,  contract  administration  procedures  and  the  like. 
These  problems  are  amplified  in  the  many  documents  reviewed.  They 
assisted  in  focusing  in  on  the  criteria  requiring  review  prior  to  recom- 
mending the  specific  ships  that  are  studied.  The  criteria  that  were 
considered  pertinent  and  on  which  discussion  follows  include: 


Size  of  the  program  — This  criterion  is  used  to  weight 
the  larger  of  the  ship  programs  with  the  view  that  it  is 
best  to  direct  effort  to  the  areas  consuming  the  greatest 
amount  of  resources . 

Size  of  cost  growth  — Since  the  study  was  prompted  by 
the  amount  of  cost  growth  being  experienced  on  SCN 
programs  and  the  magnitude  of  claims  submitted  by 
shipbuilders  on  their  contracts,  the  subject  matter  is  an 
important  factor  in  the  selection  process  of  ships  to  be 
chosen  for  in-depth  tracking. 

As  has  been  previously  discussed,  the  size  of  the  cost 
growth  is  considered  in  this  study  to  be  a function  of 
the  current  estimated  cost  versus  the  "original  estimate." 
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The  original  estimate  is  defined  as  "estimate  made 
available  to  the  Congress  on  which  funding  actions 
for  advance  procurement  and/or  authorization  of  a 
new  ship  or  class  of  ships  were  based."  On  the  basis 
of  this  definition,  ships  experienced  significant  cost 
growth . 

Ship  type  — The  type  of  ship  selected  for  detailed 
study  was  an  important  consideration  in  that  an  insight 
might  be  provided  as  to  the  impact  on  the  overall 
problem  of  cost  growth  of  the  problems  inherent  in 
estimating  entirely  different  types  of  ships. 

From  the  point  of  view  of  ship  type  alone,  the  ships 
authorized  for  construction  in  Fiscal  Years  1970-1977 
provided  a suitable  mix  from  which  to  select  three 
types  for  detailed  review.  Within  each  of  the  cate- 
gories indicated  in  the  study  specifications,  i.e., 
a nuclear  ship,  a non-nuclear  combatant  ship  and  an 
auxiliary  ship,  there  were  at  least  three  types  from 
which  to  make  selections. 

The  combatant  ships  covered  a broad  spectrum  of  size, 
configuration,  manning,  armament  and  mission.  They 
ranged  from  aircraft  carriers  measuring  almost  1100' 
and  carrying  over  5700  people  for  whom  living  and 
working  accommodations  must  be  provided,  as  well  as 
complex  systems  for  operating  aircraft,  to  the  132' 
hydrofoil  which  carries  21  people  and  conducts  offen-* 
sive  warfare  while  traveling  at  great  speeds;  and 
include  subsurface  as  well  as  surface  vessels.  The 
auxiliary  ships  differ  greatly  from  the  combatant  ships 
in  hull  form  and  content  due  to  the  supportive  mission 
of  these  ships.  All  of  these  types  require  a great 
variety  of  talents  to  effectively  and  efficiently  carry 
them  through  the  various  steps  in  the  acquisition  cycle. 

Follow  program  — This  criterion  is  premised  on  the 
possibility  that  study  findings  will  have  additional  value 
if  the  ship  on  which  findings  are  based  Is  to  be  followed 
by  a ship  class  having  features  similar  to  the  case  study 
ship.  Similar  hulls  or  similar  weapon  suites  are  examples. 
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System  integration  complexity  — Because  the  difficul- 
ties encountered  in  integrating  weapons  systems  into  an 
effective  total  ship  system  have  been  a significant  cost 
driver,  it  was  determined  that  ships  with  the  more  com- 
plex weapons  systems  would  be  given  preference  in  the 
selection  process.  The  more  complex  the  system,  the 
greater  the  probability  of  integration  problems,  and 
the  greater  the  estimating  problem. 

Design  — Within  the  population  of  ships  there  were  a 
number  of  different  design  processes  being  followed. 
They  ranged  from  a simple  repeat  design  to  design  to 
cost.  Ships  having  more  extensive  or  complex  design 
requirements  were  given  preference  in  the  selection. 

Number  of  shipyards  involved  — There  was  a potential 
advantage  in  having  two  or  more  shipyards  involved  in 
the  construction  of  ships  of  the  same  class  as  the  spe- 
cific ships  selected  for  review  because  cross-checking 
of  estimates,  proposals  and  performance  reports  would 
be  possible.  Exhibit  E.2  contains  information  on  ship 
construction  assignments  to  the  shipyards. 

Acquisition  status  — The  purpose  of  this  criterion  is 
to  insure  that  ship  programs  in  their  infancy  are  not 
selected  because,  for  these  programs,  the  amount  of 
useful  data  is  limited.  Comparisons  of  estimates  to 
actuals  are  not  possible  on  very  new  progrcms.  Exhibit 
E.3  provides  information  on  the  status  of  each  of  the 
ship  classes  under  consideration. 

Contract  data  — The  contracts  under  which  the  ships 
under  consideration  are  procured  usually  include  more 
that  one  ship.  This  makes  data  analyses  more  difficult, 
especially  if  a lead  ship  in  included  in  the  lot.  Prefer- 
ence was  given  to  single  ship  contracts  and,  then,  to 
contracts  including  only  follow  ships. 
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Potential  problems  — It  was  considered  that  some  of 
the  ships  in  the  population  were  more  apt  to  experience 
problems  which  would  effect  cost  and  deliver/  after 
this  study  was  completed  than  other  ships.  This  would 
tend  to  reduce  the  usefulness  of  the  study  results. 
Accordingly,  preference  was  given  to  ships  that  indicate 
a potential  for  fewer  post  delivery  problems. 

Claims  — Preference  was  given  to  ships  with  the  fewest 
claims  as  well  as  to  ships  constructed  in  shipyards  which 
had  lodged  claims  on  only  one  ship  type.  The  purpose 
was  to  reduce  the  impact  of  claims  on  the  analysis  of 
actual  cost  data.  Exhibit  E.4  contains  information  on 
claims  outstanding. 


(3)  Selection  of  Ship  Classes  to  be  Tracked 

The  contractual  guideline  governing  selection  of  ships  for 
detailed  study  stipulated  that  a nuclear  ship,  a non-nuclear  combatant 
ship  and  a naval  auxiliary  be  included. 

The  ship  selection  process  was  an  iterative  one  in  which  the 
criteria  discussed  previously  were  used  by  the  study  team  to  develop 
recommendations  for  the  specific  ship  selections.  The  first  step  elimi- 
nated from  further  consideration  ships  that  presented  problems  in  analysis 
that  would  not  contribute  to  the  meaningfulness  of  the  review. 

The  process  used  and  a complete  list  of  ship  classes  including 
the  four  ship  classes  eliminated  during  the  first  review  is  summarized 
below: 


E-35 


NUCLEAR  SHIPS 


CGN  38  Pass  first  review 

CVN  68 

SSN  688  " " 

TRIDENT  Eliminated  in  first  review:  the 

TRIDENT  progrom  is  monaged  by 
NAVMAT,  not  a direct  party  to 
the  contract.  Also  progress  was 
not  os  far  odvanced  as  for  the  other 
ships . 


NON-NUCLEAR  COMBATANT  SHIPS 


DD  963 
FFG  7 
LHA 


PHM 


Pass  first  review 


Eliminated  in  first  review:  wos 
first  Navy  ship  of  the  type  to  be 
constructed  in  the  new  shipbuild- 
ing facility.  Problems  ossociated 
with  its  construction  would  likely 
be  difficult  to  seporate  from  prob- 
lems incident  to  the  shipyard's 
construction. 

Eliminated  in  first  review:  those 
authorized  for  construction  out  of 
SCN  funds  were  not  under  contract 
and,  since  it  was  a unique  type  of 
ship,  it  was  being  built  in  a facil- 
ity other  thon  o typical  shipyard. 
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NAVAL  AUXILIARIES 


AD  41 
AOR  7 
AS  39 
AO  177 

Two  additional  ships  were  eliminated  in  the  second  review  for 


This  ship  type  was  ruled  out  since 
a nuclear  submarine  was  to  be 
selected . 


Armament  is  less  complex  than 
the  other  nuclear  types  and,  if  the 
CVN  had  remained  in  the  running, 
it  might  have  ruled  out  the  sub- 
marines, leaving  2 surface  ships 
both  of  which  were  being  construc- 
ted in  the  same  shipyard.  The  CGN 
was  considered  as  more  a represen- 
tative type  for  the  surface  ship 
selection. 

Elimination  of  the  CVN  and  AS  left  at  least  two  acceptable 
candidates  in  each  category.  At  this  point,  the  criteria  previously 
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the  reasons  shown  below: 


AS 


NUCLEAR  SHIP 


CVN 


Pass  first  review 

tl  It  It 

tt  II  II 

Eliminated  in  first  review:  these 
ships  were  placed  under  contract 
in  August  1976  and  progress  was 
minimal . 


I 


described  was  applied  to  determine  the  ship  classes  from  which  the 
individual  ships  would  be  selected. 


The  application  of  each  of  the  criteria  proceeded  as  follows: 


SSN  688  Class  vs.  CGN  38  Class 


Program  Size  The  SSN  with  an  estimated  39 

ships  in  Class  and  $9,629  million 
cost  greatly  exceeded  the  CGN 
program  which  stood  at  4 ships 
and  an  estimated  $1,244  million 
cost. 

Cost  Growth  Growth  in  unit  cost  left  no 
clear  cut  choice. 

Submarine  represented  approxi- 
mately half  of  the  acquisition 
program  and  they  require  a spe- 
cial discipline  in  design  and 
construction. 

Follow  Program  The  CSGN  strike  cruiser, 

designed  to  carry  the  AEGIS  . 
Weapon  System,  was  considered 
as  a follow  to  the  CGN. 

The  CGN  weapons  system  wcs 
considered  to  be  more  complex. 

No  clear  choice. 

SSN  construction  was  in  2 
shipyards  versus  1 for  CGN. 


Systems 

Integration 

Complexity 

Design 

Number  of 
Shipyards 


Ship  Type 
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Acquisition 

No  clear  choice.  One  ship 
had  been  delivered  in  each 
program;  follow  ships  were 
under  construction. 

- Contract  Data 

No  clear  choice;  both  programs 
have  multiple  ship  awards. 

- Potential 

Problems 

Anticipate  extended  post  deliv- 
ery period  with  attendant  prob- 
lems in  preparing  CGN  for  per- 
formance of  intended  mission, 
vis.  Complex  weaponry.  There 
fore,  the  SSN  was  preferred. 

- Claims 

1 

Claims  are  in  hand  from  Elec- 
tric Boat  on  SSN  and  from  New 
port  News  on  SSN  and  CGN. 
Dealings  with  Electric  Boat 
would  be  less  confusing  since 
only  one  ship  class  is  involved. 
Therefore,  the  SSN  was  pre- 
ferred. 

It  was  determined  that  the  SSN  program  would  be 
included  in  the  ships  selected  for  tracking. 

DD  963  Class  vs.  FFG  7 Class 


- Program  Size 

The  FFG  program  was  planned 
for  74  ships  at  a cost  of  approx- 
imately $13  billion;  the  DD 
program  stands  at  30  ships  esti- 
mated at  $3  billion. 

Cost  Growth 

The  apparent  growth  in  the 

FFG  program  was  far  in  excess 
of  that  on  the  DD  program. 
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No  choice. 


Ship  Type 

No  choice. 

Follow  Program 

The  DDG-47,  a new  class  of 
destroyer  designed  to  carry  the 
AEGIS  Weapon  System,  was 
considered  as  a follow  to 

DD  963  class. 

Sys  ferns 

Integration 

Complexity 

The  DD  systems  were  considered 
to  be  more  complex. 

Design 

The  FFG  7 was  a design-to- 
cost  ship. 

Number  of 
Shipyards 

FFG  construction  is  in  3 yards 
versus  1 for  the  DD  963. 

Acquisition 

Status 

5 of  the  DD  963's  had  been 
delivered  and  follow  ships  were 
in  various  stages  of  construction; 
the  first  FFG  was  approximately 
65%  complete  with  delivery 
estimated  for  December  1977. 

Contract  Data 

The  FFG  7 was  a single  ship 
contract,  followed  by  separate 
multi-ship  contracts  involving 
three  shipyards.  Bath  reports 

In  conformance  with  DOD  7000.2 
The  DD  963  program  started  with 
a lead  and  2 follow  ships  on  one 
contract. 

Potential 

Problems 

FFG  appeared  to  have  fewer 
problems.  Therefore  it  was 
preferred. 

Claims 

1 

None  on  either  program;  both 
were  considered  potential  can- 
didates for  claims. 
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The  choice  here  was  difficult,  but  after  reviewing  each  of  the 
criteria,  the  study  group  recommended  the  FFG. 


AOR  7 vs.  AD  41  Class 


Program  Size 

The  AD  program  was  planned 
to  include  5 ships  and  cost 
$1,348  million  versus  1 AOR 
at  an  estimated  end  cost  of 
$85  million. 

Cost  Growth 

The  estimated  cost  growth  on 
the  AD  program  greatly  exceeded 
that  on  the  AOR  7. 

Ship  Type 

No  clear  choice. 

- Follow  Program 

No  indication;  however,  there 
were  more  AO  types  for  com- 
parison than  tenders. 

System 

Integration 

Complexity 

The  AOR  had  more  weapons. 

Design  AD  was  a recent  modification; 

the  AOR  was  a repeat  design. 

Number  of  AOR  7 was  a single  ship  pro- 


Shipyards 

gram;  however,  previous  AORs 
were  built  at  General  Dynamics, 
Quincy  to  same  design.  ADs 
are  in  one  yard. 

- Acquisition 

Status 

The  AOR  7 was  recently  deliv- 
ered; the  ADs  were  just  getting 
started  in  construction. 
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Contract  Data 


The  latest  AOR  was  a single 
ship  contract;  the  ADs  were 
awarded  under  single  ship 
contracts. 

Potential  The  AOR  was  complete  and 

Problems  should  be  free  of  construction 

problems;  the  AD  has  yet  to  be 
constructed.  Therefore,  the 
AOR  was  preferred. 

Claims  No  existing  claim  on  the  AOR 

7;  no  claims  submitted  on  the 
AD  to  date. 


The  selection  decision  was  influenced  by  the  status  of  the  ships 
relative  to  the  acquisition  cycle.  The  AOR,  which  had  been  delivered 
and  had  a relatively  complete  record  of  events,  provided  an  oppor- 
tunity for  detailed  review  through  all  phases  of  acquisition . Accord- 
ingly,  the  AOR  was  recommended  for  tracking. 

(4)  Three  Ships  Were  Selected,  Two  Were  Approved  By  The  Navy 
For  Tracking,  The  Third  Rejected  And  A Substitute  Directed 


The  ships  of  the  SSN  688  program  are  being  constructed  in  two 
shipyards,  Newport  News  Shipbuilding  and  Dry  Dock  Company  and 
General  Dynamics  Corporation,  Electric  Boat  Division.  The  first 
consideration  was  the  shipyard.  In  consideration  of  the  claims  situa- 
tion that  prevails  between  Newport  News  and  Navy,  on  prior  programs 
as  well  as  the  SSN,  opinion  was  that  one  of  the  ships  under  contract 
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with  Electric  Boat  could  be  tracked  more  thoroughly,  with  input 
provided  by  the  shipyard  as  well  as  the  Government.  The  selection 
process  then  concerned  itself  with  which  of  the  ships  at  Electric  Boat 
to  recommend.  Since  there  was  little  choice  but  to  track  the  lead  ship 
in  the  non-nuclear  combatant  category  and  a single  ship  in  the  auxil- 
iary category;  study  of  a follow  ship  would  round  out  the  mix  of  lead 
yard/lead  ship  and  follow  yard/follow  ship.  Therefore,  the  SSN  696 
was  recommended  for  tracking.  The  construction  schedule  for  SSN  696 
was  about  one  year  behind  SSN  690;  the  first  ship  of  this  class  was 
under  construction  and  nearing  completion  at  Electric  Boat  and  about 
1-1/2  years  behind  the  SSN  688.  The  SSN  696  was,  during  the  select- 
ing of  ships,  approximately  70  percent  complete  and  projected  for 
delivery  in  April  1978.  The  selection  of  the  SSN  696  was  not  approved 
by  the  Navy.  As  an  alternative,  the  SSN  678,  U.S.S.  ARCHERFISH, 
the  twenty-fourth  ship  of  the  637  class  was  selected  by  the  Navy.  It 
was  the  first  of  the  long  hull  637  class  submarines  to  be  built. 

The  FFG  7 was  the  logical  choice  for  tracking  in  this  category. 
It  was  the  lead  ship  of  the  class  and  was  currently  under  construction  in 
the  lead  yard.  There  were  two  other  yards  involved  in  the  program,  as 
follow  ship  contractors.  FFG  7 was  estimated  to  be  approximately 
90  percent  complete,  with  delivery  estimated  in  December  1977. 
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The  AOR  7 was  the  only  ship  of  that  type  authorized  in  the 
period  covered.  It  was  constructed  by  National  Steel  and  Shipbuilding 
Company  and  delivered  on  October  14,  1976.  It  was  of  the  AOR  1 
class.  All  prior  ships  of  this  class  were  constructed  by  General 
Dynamics,  Quincy  Division  in  the  late  1960's. 

3.  EIGHT  ITEMS  OF  GFM  WERE  SELECTED  BY  THE  NAVY  AS  BEING 
PERTINENT  TRACKING  CANDIDATES 


Government  Furnished  Material  constitutes  such  a significant  amount 
(in  some  cases  30  percent)  of  the  total  cost  of  Navy  ships,  including  propulsion, 
weapons,  radar,  sonar,  fire  control  systems,  computers  and  related  equipment. 
As  such,  the  following  items  of  GFM  were  researched  as  part  of  this  report: 


AN/S  PS -55  Surface  Search  Radar 

A conventional  x-band  radar  capable  of  detecting  medium 
and  large  line  of  sight  targets  and  small  targets  at  close  range. 

PHALANX  Close-In  Weapons  System 

A unitized,  completely  automatic  gunnery  weapon  designed 
to  recognize,  track,  fire  on  and  destroy  a missile  within  its 
operating  area . 

5"  Lightweight  Gun,  MK  45 

A fully  automatic,  lightweight,  shielded  single-barrel  weapon 
firing  5"  projectiles  at  about  20  rounds  per  minute. 

MK  86  Gun  Fire  Control  System 

A gun  fire  control  system  for  surface  to  surface  and  surface  to 
air  (aircraft  and  missile)  weapons. 
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AN/UYK  7 Digital  Computer 

A modular,  general  purpose  digital  computer  for  shipboard 
application  for  weaponry  and  administrative  computing. 


AN/SPS  40  Air  Search  Radar 

A lightweight  air  search  radar  for  detection  of  high  and  low 
flying  targets. 

AN/SQS  53  Sonar 

A surface  ship  sonar  providing  detection,  classification  and 
localization  of  underwater  targets  as  part  of  ASW  mission. 

LM  2500  Gas  Turbine  Engine 

An  advanced  propulsion  unit  developed  from  aircraft  technology. 
It  is  a simple  cycle  two  shaft  high  performance  engine  generating 
27,500  horsepower  with  necessary  support  subsystems. 


Correlation  of  the  specified  systems  to  selected  ships  which  follows  in 
Talbe  E.  11  is  furnished  for  information. 


TABLE  E.11 

Correlation  of  Ships  to  GFM 


SYSTEM  INSTALLED  ON 


SSN  678  | 

FFG  7 

AOR  7 

AN/S  PS -55  surface  search  radar 

Yes 

CIWS  - close  in  weapon  system 
5"/54  lightweight  gun 

Space 

Space 

MK  86  gun  fire  control 
AN/UYK-7  digital  computer 
AN/S  PS -40  air  search  radar 
AN/SQS -53  sonar 

Yes 

LM2500  gas  turbine 

Yes 
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A NUMBER  OF  POTENTIAL  COST  DRIVERS  WERE  IDENTIFIED 
EARLY  AND  EACH  SHIP  OR  WEAPONS  CASE  WAS  EVALUATED 

AGAINST  ThES ETlemenT s 


Cost  overruns  are  the  product  of  many  factors  operating  together. 
Examples  of  these  factors  can  be  identified  in  Navy  records,  commissioned 
studies.  Congressional  testimony,  etc.  It  is  these  factors  that  this  study 
addresses  and,  in  this  section,  a case  by  case  analysis  is  made  of  them.  In 
order  to  facilitate  consideration  of  them,  classifications  were  developed  to 
group  related  cost  factors  which,  although  not  totally  precise,  tend  to  add 
clarity  to  an  otherwise  lengthy  list  of  factors.  The  groupings  follow: 


Programming/Budgeting 


Constraints  on  estimates  — These  constraints  either  may  be 
arbitrary  or  result  from  policies  such  as  design-to-cost. 

Unanticipated  escalation  — Escalation  rates  may  be  higher 
than  anticipated. 

Reduced  program  — Fewer  ships  than  expected  may  be 
authorized  and  awarded,  affecting  learning  curve  cost 
predictions . 

Program  uncertainties  — Uncertainties  created  by  appropri- 
ations decisions  cause  shipbuilders/component  suppliers  to 
sub-optimize  capital  investment  and  work  with  less  productive 
labor/capital  mix. 

Additional  stock  units  — More  units  may  be  required  for 
initial  stock  or  rotation  than  originally  projected. 
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Technical  Definition 


Insufficient  information  — Characteristics  and  configuration 
data  may  be  inadequate  for  an  estimate  of  reasonable  quality. 

System  upgraded  — More  expensive  weapons  or  other  systems 
may  be  substituted  for  systems  originally  incorporated  in  the 
ship. 

Additional  systems  — Extra  systems  may  be  incorporated  in 
the  ship  after  original  estimates  are  made. 

Additional  specifications  — Additional  or  more  stringent 
application  of  specifications  such  as  quality  assurance,  main- 
tainability, shock  resistance,  etc.  after  original  estimates 
are  prepared. 

Incorrect  plans  — Plans  and  specifications  may  be  incorrect 
or  not  in  agreement,  referenced  documents  difficult  or 
impossible  to  obtain. 

Late  changes  — Changes  made  to  plans  and  specifications 
after  shipbuilder's  plans  are  firm  or  work  has  progressed  to 
the  point  where  the  change  may  have  a disruptive  effect. 


Estimating 


Poor  estimates  — Estimates  for  ships  and  components  may  be 
inaccurate  because  of  faulty  procedures,  data  banks,  etc. 

Inadequate  time  to  estimate  — Lack  of  time  to  prepare  proper 
estimates  due  to  short  deadlines  or  insufficient  resources. 

Changed  market  conditions  — Market  conditions  different  than 
predicted  when  estimate  was  made. 

Less  efficient  shipyard  — Shipyard  receiving  the  award  may 
be  less  efficient  that  shipyard  considered  when  estimate  was 
made. 
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Low  productivity  — Inability  to  forecast  productivity  levels 
and  adjust  estimates  accordingly. 

Fewer  shipyards  — Fewer  shipyards  than  expected  bid  or  pro- 
pose on  work,  resulting  in  higher  profit  demands. 

Retention  of  shipbuilding  base  — Award  of  contract  to  less 
capable  shipyard  in  order  to  provide  work  volume  and  keep 
shipyard  operating. 


Personnel 


Management  instability  — Changes  in  Navy  management 
personnel  that  may  affect  the  stability  and  quality  of  project 
management. 


Scheduling 


Delay  of  scheduled  events  — Error  may  be  introduced  into 
estimates  because  events  such  as  funding  and  award  are 
delayed . 

Poor  scheduling  — Schedules  may  be  too  optimistic,  resulting 
in  understating  escalation  and  general  disruption  in  the 
shipbuilder's  plant. 

Late  GFE/GFI  — Government  Furnished  Material  delivered 
late  or  in  error. 


Contracting 


Poor  form  of  contract  — Selection  of  method  of  contracting 
such  as  sole  source  which  may  result  in  costs  higher  than 
estimated. 
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Construction 


Technical  difficulties  — Unanticipated  technical  difficulties 
may  be  experienced  by  shipyard  or  component  manufacturer. 

Shipbuilder's  backlog  — Backlog  in  the  shipbuilder's  plant 
may  affect  the  shipbuilder's  bid  or  proposal  or  may  cause 
slippages  due  to  other  work. 

Low  productivity  — Productivity  in  shipyard  or  component 
manufacturer  may  be  lower  than  projected. 

Work  stoppages  — Work  Stoppages  or  slowdowns  in  shipyard 
or  component  manufacturer. 

Mismanagement  — Mismanagement  in  shipyard  or  component 
manufacturer's  operation. 

Inadequate  facilities  — Proper  facilities  may  not  be  available 
requiring  uneconomical  performance  on  some  work  or  may 
require  provision  for  additional  facilities. 

Labor  shortage  — Unable  to  hire  the  numbers  of  employees  or 
skill  levels  needed  to  maintain  shipyard  schedules  or  high 
labor  turnover. 


Government  Programs 

. Management  layering  — Delays  may  occur  in  the  decision 

process  due  to  the  time  required  to  acquaint  layers  of  manage- 
ment with  pertinent  facts. 

. Excessive  management  systems  — Requirement  by  government 

for  data  and  management  systems  may  be  in  excess  of 
projections. 

. Excessive  inspection  --  Government  inspectors  may  be  more 

rigid  in  applying  inspection  standards  than  anticipated. 


Social  programs  — Requirements  of  OSHA,  EEO  and  other 
Government  social  programs  may  be  more  stringent  than 
expected. 

Delay  in  Government  actions  — Excessive  time  may  be  taken 
by  the  Government  in  technical  approvals,  processing  pro- 
posed changes  and  plan  revisions. 


The  development  of  consistently  accurate  cost  estimates  requires 
that  these  kinds  of  factors  be  considered  and  allowed  for  where  necessary. 
This  is  not  an  easy  task  when  the  complexity  of  the  ship,  the  length  of  the 
building  period  and  the  complications  of  the  management  process  are 
considered. 


» 
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III.  CASE  STUDY  OF  THE  AOR  7 


The  AOR  7,  the  seventh  ship  of  the  class,  was  authorized  in  the 
FY  1972  Shipbuilding  Program.  The  original  end  cost  estimate  forwarded  to 
Congress  in  January  1970  was  $56.5  million.  Under  a contract  awarded  to 
the  National  Steel  and  Shipbuilding  Company  in  December  1972,  the  ship 
was  delivered  to  the  Navy  on  14  October  1976  at  an  estimated  end  cost 
at  delivery  of  $86.3  million,  an  apparent  overrun  of  approximately  53 
percent. 

This  chapter  will  follow  the  AOR  7 from  the  original  statement  of 
the  requirement  through  the  preparation  and  submission  of  budget  estimates, 
the  pre-award,  the  award  and  construction  phases  to  ship  delivery.  In  so 
doing,  this  chapter  has  — through  interviews,  records  review  and  analysis  — 
set  forth  the  history  of  the  cost  growth,  apparent  and  actual. 

1 . THE  REQUIREMENT  FOR  THE  AOR  EVOLVED  FROM  THE  NEED  TO 

UPGRADE  UNDERWAY  FLEET  REPLENISHMENT 

The  AOR  7 is  a multipurpose  replenishment  ship  designed  to  provide 
rapid  replenishment  of  petroleum  products  and  selected  ammunition  items 
and  to  provide  limited  amounts  of  chilled  and  frozen  provisions,  repair  parts, 
other  consumable  stores,  and  fleet  freight  to  operating  forces  at  sea. 
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When  it  was  first  included  in  a budget,  the  AOR  was  a new  type  of 
ship  that  was  authorized  in  FY  1965.  The  ship  is  designated  a Replenishment 
Oiler  and  is  one  of  five  ship  types  classified  as  Underway  Replenishment 
Ships  in  the  Auxiliary  Ship  group.  Subsequent  AOR  class  acquisitions  are 
summarized  below: 


Contracts  for  AORs  1 through  6 were  awarded  to  General 
Dynamics-Quincy.  The  U.S.S.  WICHITA  AOR  1,  the  lead 
ship  of  the  class,  was  delivered  in  May  1968,  13  months 
behind  schedule  at  a cost  of  $41  .0  million. 

The  last  of  the  class  built  by  General  Dynamics-Quincy, 
the  U.S.S.  KALAMAZOO  AOR  6,  was  delivered  in  July 
1973,  30  months  behind  schedule  at  a cost  of  $43.7  million. 

The  AOR  7 was  authorized  in  June  1971  with  the  FY  1972 
shipbuilding  program  to  replace  an  older  ship  of  questionable 
reliability  which  was  then  approaching  36  years  of  service. 


An  overview  of  the  AOR  7 development  is  shown  in  Figure  E.3. 


2.  THE  REPLENISHMENT  OILER  AOR  7 WAS  INCLUDED  IN  THE 
FY  1972  SHIPBUILDING  PROGRAM 


The  estimated  end  cost  of  AOR  7 as  originally  forwarded  to  Congress 
in  January  1971  was  $56.5  million.  This  estimate,  including  escalation, 
growth  allowances  and  other  contingencies  was  derived  in  conjunction  with 
a series  of  program  planning  and  budgeting  reviews.  Tables  E.12  and  E.13 
provide  an  overview  of  changes  between  the  original  estimate  and  the  final 
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FIGURE  E.3 
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end  cost  which  will  be  discussed  in  successive  sections  of  this  chapter. 


TABLE  E.12 

COST  HISTORY  OF  APR  7 
(Dollars  in  Millions) 


End  Cost 
Estimate 

Estimated  Basic 
Construction  Cost 
(Unescalated) 

Classification  Remarks 

2 April  1970 

70.9 

46.7 

F 

POM  Preparation 

12  June  1970 

68.5 

44.7 

D 

POM  Submit 

28  September  1970 

65.5 

44.7 

D 

SECNAV  to  OSD 
Budget  Submit 

19  November  1970 

56.5 

41.7 

F 

PBD  Reclama 

17  December  1970 

58.5 

43.4 

F 

NAVSHIPS  to  OP- 
NAV  Budget  Reclama 

18  December  1970 

56.5 

41.7 

F 

Approval  and 

Budget  Submit 

14  December  1972 

68.0 

48.1 

F 

Reprogramming 

Action 

14  October  1976 

86.3 

61.4 

End  Cost 

The  construction  contract  was  awarded  to  National  Steel  and  Ship- 
building Company  on  15  December  1972.  The  contract  award  was  a fixed 
price  incentive  type  amounting  to  $51  .5  million. 

The  original  budgeted  end  cost  was  increased  by  $10  million  in  a 
reprogramming  action  immediately  prior  to  contract  award.  By  the  time  the 
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ship  was  completed  the  NASSCO  contract  price  had  increased  by  approxi- 
mately $20  million  over  the  award  price.  This  does  not  include  costs  for 
government  furnished  equipment,  growth  allowances  and  other  government- 
responsible  services  and  support  which  totals  approximately  $15  million. 

TABLE  E.  13 

AOR  7 INCREASE  — AWARD  TO  COMPLETION 


Total  Gov't.  Res- 

Date  Event  Contract  Price  ponsible  Costs  End  Cost 

15  Dec.  1972  Contract  Award  $51. 5M  $16. 5M  $68.0  M 

12  Nov.  1976  Post  Delivery  $71 . 1 M $15. 2M  $86.3  M 

Table  E.  14  which  follows  identifies  the  changes  in  budgeted  amounts 
between  Congressional  submission  and  ship  delivery. 

3.  THE  ESTIMATING  AND  PRE-AWARD  PERIOD  OF  THE  AOR  7 

REFERS  TO  ACTIVITIES  INVOLVED  IN  PLANNING,  PROGRAM- 
MING  AND  BUDGETING  FOR  THE  FISCAL  YEAR  1972  BUDGET 

The  period  is  typically  characterized  by  continual  testing  of  options 
to  best  utilize  resources  provided  by  OSD  guidance  for  the  POM  and  Budget 
submissions.  Many  pressures  — cost  per  ship,  number  of  ships,  character- 
istics lists,  current  or  out-year  programming  — all  are  mixed  and  matched  to 
achieve  the  best  program  possible  within  the  resources  available.  On 


» 
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TABLE  E.  14 


REALLOCATION  OF  APR  7 BUDGETED  FUNDS 
(Dollars  in  Millions) 


Approved  Congressional 
Estimated  End  Cost 
(December  1970) 

Construction  Plans 
Basic  Construction 
Change  Orders 
Electronics 
H/M/E 

Maintenance  and  Services 

Ordnance 

Escalation  Growth 

Electronics  Growth 

Change  Order  Growth 

Ordnance  Growth 

Future  Characteristics  Changes 

Estimated  End  Cost 
(December  1972) 

Construction  Plans 
Basic  Construction 
Change  Orders 
Electronics 
H/M/E 

Maintenance  and  Services 

Ordnance 

Escalation  Growth 

Electronics  Growth 

Change  Order  Growth 

Ordnance  Growth 

Future  Characteristics  Changes 

Estimated  End  Cost 
(October  1976) 


Changes 


Base 

Plus 

Minus 

1.8 

1.3 

41.7 

12.0 

- 

2.1 

0.6 

- 

0.9 

0.1 

- 

1.6 

0.2 

- 

0.3 

- 

0.3 

4.5 

- 

1.4 

1.5 

2.2 

- 

0.1 

0.1 

- 

0.6 

- 

0.1 

0.4 

- 

-.4 

1.0 

- 

- 

3.9 

3.0 

- 

48.1 

16.6 

- 

3.4 

- 

0.4 

1.0 

- 

0.1 

2.7 

0.5 

- 

0.6 

1.1 

- 

3.6 

1.9 

- 

3.7 

- 

3.3 

0.1 

- 

- 

0.6 

- 

0.6 

0.3 

0.1 

- 

— 

- 

0.5 

i 
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56.5 


68.0 


86.3 


occasion,  this  type  of  options  "game"  is  played  to  excess.  The  objective, 
finally,  is  to  put  forward  a program  which  meets  Navy  requirements  and  has 
a high  probability  of  Congressional  approval.  The  compromises  attendant  to 
such  a process  necessarily  impact  over  the  life  of  the  ship  procurement.  This 
was  evident  in  the  AOR  7 acquisition. 

Estimating  problems  during  the  early  period  were  caused  chiefly  by 
changing  and  sometimes  confusing  characteristics  lists  and,  further,  by  con- 
stant pressures  to  settle  on  a lower  end  cost  figure.  A chronology  of  events 
during  this  period  is  found  in  Table  E.15. 

(1 ) Early  In  The  POM  72  Cycle,  CNO  Requested  A Price  Out 
Of  Five  Ships  For  The  Years  Of  FY  1973  And  FY  1974 

The  POM  cycle  begins  in  July  or  August  — some  27  months 
prior  to  the  budget  submittal  — with  staff  work  on  potential  ship 
acquisition  profiles  to  be  included  in  the  five  year  plan.  During 
these  staffing  activities  in  OPNAV  and  the  Systems  Commands,  CNO 
provides  guidance  as  to  number  of  ships  per  year  and  desired  char- 
acteristics. In  the  case  of  the  AOR  7,  this  guidance  was  issued  in 
September  1969.  It  requested  five  ships  (two  in  FY  1973  and  three 
in  FY  1974)  of  a modified,  repeat  design  based  on  AOR  5 and  6 
specifications.  All  changes  in  the  AOR  class  developed  over  the 
three  previous  acquisition  flights,  such  as  class  items,  field  and 
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TABLE  E.  15  ^ 

CHRONOLOGY  OF  EVENTS  LEADING  UP  TO 

ISSUANCE  OF  REQUEST  FOR  CONSTRUCTION 

CONTRACT  BIDS 

Da  te 

15  Sept.  1969 

CNO  directed  that  FY  72  AOR  be  a modified  repeat 
design  af  the  FY  1966  AORs  (Hull  Numbers  3 and  4) 
and  requested  price-out. 

19  Mar.  1970 

NAVSEC  completed  FY  1972-76  SCN  Program  Modi- 
fied Repeat  Design  Feasibility  Study. 

2 Apr.  1970 

NAVSH1PS  submitted  class  "F"  estimate  for  FY  1973 

AOR  costed  at  $70.9  million. 

12  June  1970 

NAVSHIPS  resubmitted  FY  1973  AOR  estimate  as 
$68.5  million,  class  "D." 

28  Sept.  1970 

CNO  directed  AOR  be  included  in  FY  1972  program. 

Repricing  produced  new  estimate  of  $65.5  million, 
class  "F." 

16  Nov.  1970 

OSD  (PBD  81)  challenged  FY  1972  AOR  estimate  of 
$65.5  million  as  exorbitant.  Section  4 discusses  in 
detail . 

19  Nov. 1970 

SHAPM  (PMS  383)  resubmits  revised  class  "F"  estimate 
af  $56.5  million  far  FY  1972  AOR. 

30  Nov.  1970 

SHIPS  06(01  G)  disagrees  with  reduced  estimate  and 
states  estimate  not  budget  (class  "C")  quality  due  ta 
arbitrary  changes  and  lack  af  change  documentation. 

17  Dec.  1970 

COMNAVSEA  advises  OPNAV  that  reclama  budget 
estimate  of  $56.5  million  cannat  be  classified  better 
than  class  "F"  due  ta  lack  af  hard  cast  data  on 
pollution  abatement  changes. 

18  Dec.  1970 

PBD. 81 R approves  retention  af  FY  1972  AOR  at 
.estimated  end  cost  of  $56.5  million. 

- 
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TABLE  E.  15 
(continued) 


Date 

29  Jan.  1971 

11  Feb.  1971 

19  Feb.  1971 

23  Feb.  1971 
14  Apr.  1971 
23  July  1971 

28  July  1971 
Aug.  1971 

6 Aug.  1971 


NAVSEC  given  advance  notification  of  intent  to  issue 
SPD  for  FY  1972  AOR  contract  design. 

NAVSHIPS  and  CNO  held  conference  to  clarify 
C NO-directed  characteristics  changes. 

Additional  deliberation  relative  to  FY  1972  AOR 
changes  to  established  electronics  characteristics. 
NAVSHIPS  directed  to  prepare  cost  estimate  incor- 
porating electronics  change,  but  adhering  to  end 
cost  estimate  ($56.5  million). 

SHAPM  and  NAVSEC  agreed  on  procedures  for  the 
conduct  of  the  FY  1972  AOR  contract  design. 

NAVSEC  tasked  per  SPD  to  prepare  Contract  Design 
Package  for  FY  1972  AOR. 

SAIC  approved  certain  changes  to  the  FY  1972  AOR 
characteristics  which  included  NATO  SEASPARROW 
and  two  20  mm  guns  vice  four  3"  50  with  two  MK  87 
GFCS . 

CNO  approved  FY  1972  AOR  ships  characteristics. 

Ship  Cost  Adjustment  Report  (SCA)  shows  FY  1972 
AOR  budgeted  for  $56.5  million. 

NAVSEC  commenced  redesign  for  late  characteristics 
changes. 
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headquarters-initiated  changes;  and  operational  evaluation  items 
were  to  be  included  in  the  design  baseline.  Further,  new  character- 
istics were  specified  in  ordnance,  habitability,  pollution  abatement, 
helicopter  handling,  refrigeration  compartments  and  electronics. 


In  reviewing  estimating  activities  during  this  period,  a ques- 
tion arises  as  to  whether  AOR  7 was  a new  class  ship  or  actually  a 
routine  modification  of  a current  or  existing  class  of  ships.  The 
answer  to  this  question  impacts  the  estimate  classification.  If 
changes  accumulated  on  prior  ships  had  been  routinely  incorporated 
in  the  class  design,  one  might  expect  a class  "B"  estimate;  however, 
these  changes  were  thought  by  NAVSEA  estimators  to  be  substantial 
and  precluded  extensive  utilization  of  cost  experience  from  past 
ships  resulting  in  the  class  "F"  estimate  available  at  time  of 
budgeting. 


Toward  the  end  of  the  POM  cycle  the  estimates  for  the 
AOR  7 and  four  other  AORs  were  classified  as  "F"  and  were  issued 
in  the  Tentative  POM  Documents  as  follows: 


FY  1973  AOR  7 

FY  1973  ' AOR  "8" 

FY  1974  AOR  "9" 

FY  1974  AOR  "10" 

FY  1974  AOR"H" 

i • 

or 


$70.9  million 
60.1  million 

60.1  million 
59 .6  million 

59.1  million 
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. Rve  ships  over  two  years  for  $310  million 

in  FY  1972  dollars. 

The  $70.9  million  estimate  for  AOR  7 implies,  by  class  "F"  desig- 
nation, an  initial  reaction  by  NAVSEA  that  ship  changes  and  up- 
dates as  approved  were  sufficient  to  consider  it  almost  a new  class 
which  would  cost  substantially  more  than  any  of  the  first  six  AORs  — 
the  last  of  which  was  completed  at  $43.7  million. 

(2)  At  The  Start  Of  The  FY  1972  Budget  Cycle,  The  AOR  Costs 

Were  Refined  To  A Class  "D"  Estimate 

The  preparation  of  the  NAVCOMPT  Budget  starts  in  June  of 
each  year  when  the  first  of  the  POM  years  is  re-analyzed  and  be- 
comes the  basis  of  the  Navy  budget.  The  intervening  time  presum- 
ably allowed  more  study  of  the  characteristics  changes  resulting  in 
an  assumption  that  the  ship  was  well-defined.  The  class  "D"  estimate 
was  $68.5  million  for  the  FY  1973  planned  award. 

During  the  budget  cycle,  the  NAVCOMPT,  CNO  and  SEC- 
NAV  Hearings  produced  a revised  plan  and,  in  the  last  days  before 
the  OSD  budget  submission,  a repricing  of  the  AOR  7 for  FY  1972 
was  requested  by  CNO. 
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This  price-out  came  during  a time  of  great  pressure  in  the 
budget  process.  The  Navy  hearings  mentioned  all  take  place  within 
the  same  month  and,  to  further  complicate  matters,  OSD  budget 
guidance  is  published  during  the  same  period.  The  total  time  between 
the  last  hearing  (SECNAV  review)  and  the  OSD  submit  is  typically 
only  a few  days.  Consequently,  the  revised  AOR  7 estimate  for  the 
FY  1972  budget  year  was  completed  in  about  one  day.  The  resulting 
revised  end  cost  estimate  was  $65.5  million  (Class  F),  which  was 
forwarded  for  OSD/OMB  review  on  28  September  1970.  As  seen  in 
tabulation  below,  the  majority  of  estimate  reduction  was  achieved 
by  reducing  the  escalation  allowance.  Table  E.16  details  the 
estimate  change. 


TABLE  E.16 

BREAKDOWN  OF  AOR  7 ORIGINAL  VS . REVISED 
BUDGET  ESTIMATES 
(Dollars  in  Millions) 


Original  POM 

Revised  POM 

Cost  Category 

Submit  Class  "D" 

Submit  Class  "F 

(5/22/70) 

(9/28/70) 

Plans 

1.9 

1.9 

Basic  Construction 

44.7 

44.7 

Change  Orders 

3.6 

3.6 

Electronics 

1.2 

1.3 

H/M/E 

1.8 

1.8 

Ordnance 

8.0 

8.0 

Escalation 

4.6 

1.5 

Future  Char.  Changes 

1.7 

1.7 

Other 

1.0 

1.0 

Total 

68.5 

65.5 
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(3)  CNO  Questioned  The  High  Cost  Of  The  AORs  And 
Directed  A Cost  Study 


The  case  of  the  AOR  7 is  characterized  by  a seemingly  greater 
than  ordinary  pressure  to  reduce  the  projected  cost  (or  the  estimate) 
to  something  approaching  the  cost  of  the  previous  AORs.  Through- 
out the  POM  and  Budget  cycles,  this  pressure  was  evidently  without 
regard  to  definitive  data  concerning  the  increased  costs  for  charac- 
teristics changes. 

In  October  of  1970,  CNO  took  a different  approach  to  price 
reduction.  A Cost  and  Feasibility  Study  was  directed  which  speci- 
fied an  inventory  objective  of  five  ships  at  a target  price  of  $175 
million.  This  was  similar  to  a Design -to-Cost  project  (DTC  = $35 
million).  The  study  was  scheduled  for  completion  by  the  end  of 
October,  however,  which  precluded  it  from  being  a full-fledged 
feasibility  study.  The  study  was  conducted  during  the  OSD/OMB 
review  and  overlapped  the  start  of  the  OSD  Program  Budget  Review 
(PBD). 

(4)  The  PBD  Process  Eliminated  AOR  7 From  The  FY  1972  Program 

On  The  Grounds  That  Its  62  Percent  Increase  In  dost  Over 

AOR  6 Made  It  A Poor  Investment 

The  PBD  process  is  a dialogue  between  Navy  claimants  and 
OSD  management  regarding  options  for  balancing  current  budget 
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resources.  PBD's  are  staffed  in  advance  of  the  formal  process  and 
are  issued  early  in  the  schedule  — first  as  tentative  decisions,  later 
as  final.  This  process  eliminated  the  FY  1972  AOR  as  a poor  invest- 
ment due  to  the  difference  between  the  $43.7  million  end  cost  of 
AOR  6 and  the  $70.9  million  CNO  price-out  for  the  FY  1972  ship. 

PBD  ^81,  which  dropped  the  FY  1972  AOR  from  consideration, 
was  responded  to  by  OPNAV  on  November  19,  1970,  with  a reduced 
end  cost  estimate  of  $56.5  million  and  a request  for  reinclusion  in 
the  FY  1972  budget.  Further,  it  was  asserted  that  the  estimate  was  a 
class  "C"  estimate.  This  view  by  OPNAV  was  addressed  in  a 
November  30,  1970  internal  memorandum  by  SHIPS  06  (the  NAVSEA 
estimators)  in  which  they  stated  objection  not  only  to  the  amount, 
but  also  the  "C"  classification.  The  resultant  $9  million  reduction 
was  considered  by  SHIPS  06  (01 G)  to  be  arbitrary  and  undocumented 
with  regard  to  characteristics  changes.  It  was  further  recommended 
by  them  that  approximately  $4.5  million  be  reinstated  to  cover 
Integrated  Logistics  Support,  NAVSEC  customer  funding,  and 
change  order  growth.  Table  E.17  summarizes  the  estimate  reductions. 
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TABLE  E.  17 


BREAKDOWN  OF  AOR  7 RECLAMA  ESTIMATE 


Sept.  1970 

FY  1972  POM 
Class  "F" 

Nov.  1970 
PBD  #81 
Reclama 

Class  "F" 

Difference 

Plans 

$ 1.9  M 

$ 1 .8  M 

$0.1  M 

Basic  Construction 

44.7 

41.7 

3.0 

Changes 

3.6 

2.7 

0.9 

Electronics 

1.3 

1.0 

0.3 

Non-electronics 

1.8 

1.6 

0.2 

Ordnance 

8.0 

4.9 

3.1 

Other  Cost 

1.0 

0.3 

0.7 

Future  Characteristics 

1.7 

1.0 

0.7 

Changes 

Escalation 

1.5 

1.5 

Total 

$65.5  M 

$56.5  M 

$9.0  M 

(5)  The  Final  PBD  Reinstated  The  AOR  7 In  FY  1972  At 
$56.5  Million 


One  of  the  contingency  issues  discussed  during  the  PBD 
process  was  the  inclusion  of  long-lead  funding  for  an  aircraft  carrier. 
Subsequently,  this  long-lead  requirement  was  dropped.  The  AOR  7 
estimate,  apparently  falling  within  the  amount  of  funds  then  avail- 
able, was  reinstated  at  the  reclama  end  cost  estimate  of  $56.5 
million.  This  figure  prevailed  and  was  included  in  the  President's 
Budget  for  Fiscal  Year  1972.  It  thus  becomes  the  standard  against 
which  bid  figures  and  actual  costs  are  measured. 
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Looking  ahead  to  what  the  AOR  7 would  ultimately  cost,  it 
must  be  concluded  that  the  "players"  in  the  Program  Planning  and 
Budgeting  process  were  in  a large  measure  responsible  for  changing 
an  estimate  which  was  within  18  percent  ($70. 9M)  of  the  end  cost  to 
one  which  was  within  35  percent  ($56. 5M)  of  final  cost  ($86. 3M). 

Note:  Figures  E.4a  and  b show  the  administrative  process  and  the 
key  actions  taken  in  those  processes. 

4.  A REVIEW  OF  THE  EVENTS  LEADING  UP  TO  THE  AOR  7 CON- 
TRACT AWARD  IN  DECEMBER  1972  AND  THE  DEVELOPMENT  OF 
THE  AOR  7 CONTRACT  DESIGN  INDICATES  THAT  SHIP  DEFINI- 
TION WENT  THROUGH  CONSIDERABLE  CHANGE  BOTH  DURING 
AND  AFTER  THE  SUBMISSION  OF  THE  BUDGET  ESTIMATE 

With  AOR  7 as  the  seventh  ship  of  a class,  design  update  would  be 
expected  to  be  minor  and  thus  provide  a solid  basis  for  end  cost  estimates. 
The  budget  end  cost  estimate  as  submitted  to  the  Congress  in  January  1971 
was  Class  "F."  The  reasons  for  this  are  found  in  the  various  manipulations 
of  characteristics  and  lack  of  design  documentation.  A summary  of  the 
AOR  7 design  update  follows: 

. Characteristics  Update  Commenced  With  FY  1966  AOR  As 

Baseline. 


In  September  1969,  CNO  directed  that  the  FY  1972 
AOR  be  a modified  repeat  design  of  the  FY  1966 
(AOR  3-4)  SCB  Project  707 .-66  dated  September  1964 
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FIGURE  E.4A 
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FIGURE  E.4B 


KEY  ACTIONS 


Estimate 
(Millions) 

A September  1969  — CNO  directed  that  FY  72  AOR 
be  modified  repeat  design  of  FY  1966  AORs  (Hull 
No.  3 and  4)  — CNO  requests  price-out  of  modi- 
fied repeat  design 

B 2 April  1970  — NAVSHIPS  "F"  estimate  of  $70.9 
million  for  AOR  7 and  about  $10  million  less 
for  follow  ships  $70.9 

C 12  June  1970  — NAVSHIPS  upgrade  to  "D"  esti- 
mate of  $68.5  mil  lion  68.5 


D Repricing  in  FY  72  program  per  CNO  request  is 

$65  million  65.5 


Key 


Event 


E C&F  study  commissioned  by  CNO  — cost  objective 
to  be  $35  million 

F PBD  ^81  eliminates  ship;  response  to  reinstate 

shows  estimate  of  $56.5  million  56.5 


G and 

H Estimate  prevails  56.5 
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Cumulative 
Difference 
(Mil  lions) 


($2.4) 

(5.4) 

(14.4) 

04.4) 


modified  by  designated  changes  in  the  areas  of 
habitability,  increased  accommodations,  cargo 
capacities,  helicopter  facilities,  pollution  abate- 
ment, communications  and  ordnance. 

NAVSHIPS  (now  NAVSEA)  in  June  1971  advised  the 
CNO  that  while  the  FY  1966  characteristics  applied 
to  the  AOR  3 and  4,  NAVSHIPS  was  using  AOR  5 
and  6 (FY  1967)  as  a design  baseline  and  noted  that 
no  AOR  5 and  6 characteristics  has  been  promulgated. 

- The  decision  to  use  the  AOR  5 and  6 as  a design 
baseline  was  reached  after  a series  of  conferences 
between  OPNAV  and  NAVSHIPS  personnel  (February  - 
April  1971)  which  were  conducted  to  clarify  char- 
acteristic changes  for  the  modified  repeat  design 
AOR. 

- The  establishment  of  the  AOR  5 and  6 design  base- 
line recognized  that  the  AOR  class  had  been  going 
through  routine  evolutionary  changes  which  had 
been  documented  only  in  various  memoranda  and 
single  sheet  characteristic  changes. 

FY  1972  AOR  Characteristics  Approved  By  Ship  Acquisition 
And  Improvement  Council  (SAIC)  OPNAV  On  28  July  1971 
and  ultimately  promulgated  In  February  1972. 

NAVSEC  tasked  on  14  April  1971  to  prepare  contract  design 
package  for  FY  1972  AOR. 

Preliminary/advance  notification  to  NAVSEC  was  forwarded 
in  January  1971 . 

AOR  5 and  6 specifications  and  drawings  were  used  as  a 
baseline  modified  to  incorporate 

- CNO  promulgated  characteristics  changes  with 
weight  differences  as  summarized  in  Tables  E.18  a 
and  b. 

- AOR  5 and  6 Headquarters  Modification  Requests 
(HMRs) 
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- AOR  5 and  6 Field  Modification  Requests  (FMRs) 

- AOR  1 Class  Items 

- Miscellaneous  SHAPM  initiated  changes  based  on 
AOR  1 operational  evaluation  and  operational 
experience. 

Further,  as  seen  from  Table  E.18a  below,  these  major  char- 
acteristic changes  were  broad  in  scope  and  impacted  nearly 
all  areas  of  the  ship.  Weight  differences  associated  with 
these  changes  are  tabulated  in  Table  E . 1 8b  which  follows. 


TABLE  E.  18a 

CHARACTERISTICS  CHANGES 


Characteristics:  Modified  repeat  design  of  AOR  5 and  6; 

Approved  by  SAIC  28  July  1971; 

Issued  by  OPNAV  24  February  1972 


Major  Characteristic  Changes: 

. Added  Helicopter  Hangar 

NATO  SEASPARROW  Missile  System  Vice  3"/50  RFTM 
. Added  Sewage  Holding 

. Ship  to  burn  Navy  Distillate  and  Navy  Standard  Fuel  Oil 

. Updated  Communications 

. Increased  Accommodations 

Deleted  AVGAS 

. Increased  Cargo  Ammo  and  Reefer  Stowage 

. Improved  Habitability 

. Incorporated  Oil  Pollution  Abatement  Measures 

. Software 

- Integrated  Logistics  Support  (ILS) 

- Configuration  Control 

- Data  Requirements 
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TABLE  E.  18b 


WEIGHT  DIFFERENCES  APR  7 AND  APR  5 
Weight  Change  From 


Group 

Tons 

AOR  5 

Reasons 

Hull  Structure 

8,243 

+ 163 

Helo  Hangars,  Machinery 
Flats,  AVGAS  Delete 

Propulsion 

1,098 

+ 7 

Delete  Spare  Boiler  Tubes 

Electric  Plant 

327 

+ 8 

MG  Sets,  Lighting  Fixtures, 
Shore  Power  Cable 

Communication  & 
Control 

129 

- 5 

Missile  System,  Delete  MK 
56  Radio  Equipment 

Auxiliary  System 

1,717 

+ 44 

Reefer  Space,  A.C.  Plant, 
Sewage 

Outfit  & Furnishings 

1,241 

+ 107 

Habitability,  Sewage 

Tanks,  Helo 

Armament 

179 

12,933 

- 14 
+ 381 

New  Weapon  Suite 

Characteristics  changes  introduced  during  the  design  process,  such 
as  the  incorporation  of  NATO  SEASPARROW,  delayed  scheduled  completion 
of  the  contract  design  as  shown  in  the  following  table. 
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TABLE  E.  19 


CONTRACT  DESIGN  SCHEDULE 


Original  Revised  Actual 


Start  contract  design 
Preliminary  Specs  to  SHAPM 
SHAPM  completes  Spec  review 
Final  Spec  approval  (signature) 


1 April  71  1 April  71  1 April  71 

1 July  71  2 Aug  71  2 Aug  71 

15  July  71  8 Sept  71  8 Sept  71 

7 Sept  71  3 Dec  71  16  Dec  71 


AOR  7 contract  design  was  approved  on  16  December  1971 . Char- 


acteristic changes  reflected  in  the  completed  design  impacted  all  areas  of 


the  ship. 


Hull/Cargo/Unrep 

Increased  cargo,  ordnance  and  reefer  stowage 

- Updated  to  UH  46  helo  plus  two  hangars 

- Deleted  AVGAS  and  NSFO  cargo,  added  ND, 
retained  JP-5 

- Heavy  (FAST)  transfer  heads  replaced  by  light 
(AOE)  heads 

Pollution  Abatement 

- CHT-12  hour  holding  tanks  with  pumping  facilities 

- Contaminated  Oil  Settling  Tanks 

- New  Cargo  Fuel  Level  Indicators 

- Delete  riveted  seams  at  bilge 

- Add  stroke  of  HY-80  Plate 

i 

Weapons 

- Changed  armament  to  NATO  SEASPARROW  Surface 
Missile  System 

- Added  20  mm  guns 

- Retain  space/weight  for  future  installation 
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Electrical/Electronics 

Air  Search  Radar  (SEASPARROW) 

Consolidated  communications  under  one  room  concept 
Added  two  MK  19  GYRO  Compasses,  deleted  MK  23 

- Added  short  range  high  resolution  radar 

- Flag  electronics  allow  space/weight 
Added  TACSATCOM  (Space  and  Weight) 

- Deleted  HF  Secure  Voice  System 

Machinery 

- Foam  to  AFFF  (light  water)  Fire  Fighting 

- Substituted  20  SCFH  H.P.  air  compressors  for  four 
SCFH  units 

- Substituted  new  oil-free,  dry-ship  service  air 
compressors 

- Rerouted  uptakes  to  clear  new  Helo  facilities 
Habitability 

- Sheathing  for  bulkheads  and  overhead  in  living, 
messing,  recreation  lounge  and  sanitary  spaces 
Rugs  for  living,  recreation  and  messing  spaces 

- Coordinated  color  scheme 

- Modernized  galleys 

- CPO  total  living  concept 

- Crew  civilian  clothes,  new  uniform  stowage 

- New  mess  tables,  stack  chairs 

- Walk-in  type  ship  store 

- Update  and  modernized  laundry 

- New  ships  gym 

First  class  P.O.  messroom 

- Update  A.C.  plant  for  new  STDS 


The  AOR  7,  which  was  to  be  a modified  repeat  design,  after  an 
AOR  construction  hiatus  of  more  than  five  years,  incorporated  numerous 
design  modifications  and  characteristics  changes  which  in  retrospect  may 
have  warranted  designation  as  a new  class  of  AOR,  and  in  the  final  analysis 
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proved  to  be  a major  factor  in  the  greater  than  62  percent  cost  increase  over 
the  AOR  5 and  6,  which  was  the  principal  rationale  advanced  by  OSD  with 
their  rejection  of  the  original  class  "D"  POM  submission. 

5.  REQUEST  FOR  PROPOSAL  9 N00024-722-0574  WAS  ISSUED  TO 
ELEVEN  PROSPECTIVE  OFFERORS  ON  FEBRUARY  11,  1972 

Although  the  bid  closing  date  was  extended  one  month,  only  three 
bids  were  received.  These  were  based  upon  a five  day  review  of  prior 
ship  plans  at  General  Dynamics-Quincy . Best  and  final  bids  as  requested 
were  received  on  5 October  1972.  Following  a $10  million  reprogramming 
action,  the  construction  contract  for  AOR  7 was  awarded  to  National  Steel 
and  Shipbuilding  Company  on  15  December  1972.  Events  between  the 
issuance  of  RFP  and  contract  award  are  summarized  in  Table  E.20. 

(1 ) The  Request  For  Proposal  Marked  The  Beginning  Of  The 
Contractual  Phase  Of  The  APR  7 In  February  1972 

The  eleven  prospective  offerors  were  all  competent  shipbuilders 
but  only  three  submitted  bids.  A review  of  events  leading  to  con- 
tract award  follows. 

(2)  Bidders  Were  Allowed  Five  Days  To  Review  Some  1,500  Plans 
From  The  AOR  6 In  Order  To  Prepare  Their  Bid  On  The  AOR  7 

Potential  bidders  were  invited  to  visit  General  Dynamics- 
Quincy  during  the  period  13-17  March  1972,  for  the  purpose  of 
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TABLE  E.20 


CHRONOLOGY  OF  EVENTS  LEADING  TO 

CONTRACT  AWARD 

6 Dec.  1971 

Commenced  preparation  of  the  Request  for  Proposal  (RFP) 

16  Dec.  1971 

Signature  approval  AOR  7 contract  design  package. 

25  Jan.  1972 

Schedule  A,  List  of  Government  Furnished  Equipment 
approved . 

17  Feb.  1972 

RFP  issued. 

13-17  Mar.  1972 

Bidders  review  AOR  drawings  and  other  data. 

6 April  1972 

Bidders  Conference. 

13  June  1972 

Bid  closing  date. 

5 Oct.  1972 

Best  and  final  offers  received. 

14  Dec.  1972 

SCN  1972  Serial  & 73.5  reprogrammed  $10.0  million 
and  increased  AOR  7 end  cost  estimate  to  $66.5 
million. 

15  Dec.  1972 

Contract  award  to  NASSCO. 

reviewing  approximately  1 ,500  plans  and  drawings  from  the  AOR  5 
and  6.  The  contract  requirements  for  the  AOR  7 directed  that  the 
detailed  working  drawings  prepared  by  General  Dynamics -Quincy 
for  the  AOR  5 and  6 were  to  be  utilized  to  the  maximum  extent 
possible  in  the  AOR  7.  This  requirement  also  provided  that  the 
successful  bidder  would  modify  the  subject  plans  and  drawings  for 
compatibility  with  the  involved  yard's  construction  methods.  The 
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five  days  provided  for  plan  review  was  later  confirmed  by  the 
Navy  claim  analysis  group  to  be  wholly  inadequate  for  a detailed 
analysis  and  review  of  the  working  drawings.  However,  there  is  no 
record  of  any  bidder  requesting  additional  time  to  review  the  plans. 
Thus,  the  bids  were  developed  on  contract  drawings,  contract  guid- 
ance drawings  and  specifications  supplied  as  part  of  the  RFP  with 
only  limited  review  of  the  working  drawings. 

(3)  The  Bidders  Conference  On  The  APR  7 Occurred  On  Schedule 
In  Preparation  For  The  Bid  Closing  Date 

The  bidders  conference  took  place  on  April  6,  1972  as 
scheduled.  This  session  is  a regular  occurrance  during  the  solicita- 
tion period  of  most  ship  procurements.  The  prospective  contractors' 
technical  questions  concerning  the  scope  of  proposed  work  are 
answered  during  this  session. 

(4)  On  April  12,  1972,  General  Dynamics -Quincy  Warned  The 
Navy  That  The  AOR  7 Was  Under-Budgeted  By  Almost  $25 
Million 

General  Dynamics  had  informed  the  Navy,  prior  to  the  sub- 
mission of  bids,  that  hardware  and  software  changes  specified  in  the 
AOR  7 contract/design  package  would  involve  a large  cost  increase 
over  the  AOR  6.  The  cost  information  submitted  by  General  Dynamics 
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showed  a $55  million  cost  baseline  for  the  AOR  6 design  with 
potential  increases  of  $8-11 .5  million  for  hardware  and  $2-6  million 
for  software  for  the  new  AOR  7 baseline.  General  Dynamics'  maxi- 
mum estimate  was  in  excess  of  $70  million.  NAVSEA  agreed  that 
$2.0  million  more  was  needed,  but  disagreed  with  General  Dynamics' 
pessimistic  outlook  regarding  the  lack  of  budgeted  funds. 

(5)  The  NAVSHIPS  Independent  Estimate  Of  Contract  Price  Just 
Prior  To  Bid  Closing  Was  $55.5  Million  (Including  $5.06 
Million  Profit) 

The  Navy's  independent  estimate  of  the  contract  price  for  the 
AOR  7 was  calculated  just  prior  to  the  bid  closing  date.  This  esti- 
mate, used  to  judge  the  reasonableness  and  accuracy  of  contractor's 
bids,  was  $55.5  million  or  $12  million  above  the  original  amount 
($43.5  million)  budgeted  for  basic  construction  and  plans. 

In  the  case  of  the  AOR  7,  the  use  of  an  independent  govern- 
ment estimate  was  basically  a formality  since  the  bids  were  competi- 
tive and  the  lowest  bidder  must  usually  be  chosen,  unless  there  is  a 
valid  reason  for  doing  otherwise.  But  if  comparison  of  offers  proves 
insufficient  competition  exists,  a more  detailed  analysis  utilizing 
past  prices,  quantities,  production  and  delivery  rates  should  be  per- 
formed if  normal  procedures  are  followed.  In  addition,  negotiation 
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with  the  offerors  is  sometimes  necessary  to  ensure  acceptable  pricing. 


(6)  The  Bid  Closing  Date  Was  Extended  One  Month  Yet  Only 

Three  Offerors  Submitted  Bids 

At  the  request  of  the  prospective  bidders,  the  closing  date 
for  bids  was  extended  one  month  to  June  13,  1972.  Despite  the  ex- 
tension, only  three  offerors  submitted  bids  on  the  AOR  7 including 
National  Steel  and  Shipbuilding  Company  (NASSCO),  Todd  Ship- 
yards, and  General  Dynamics-Quincy . 

The  bid  from  NASSCO  was  $51,465,000.  The  bid  from 
General  Dynamics  was  $69,440,000  and  the  bid  from  Todd  Shipyards 
(Los  Angeles)  was  $60,603,991 . 

(7)  The  National  Steel  Bid  On  The  AOR  7 Was  35  Percent  Lower 

Than  That  Of  General  Dynamics 

I 

General  Dynamics,  builder  of  the  first  six  AORs,  submitted 
a bid  almost  $18  million  higher  than  NASSCO's.  In  addition,  Todd's 
bid  was  almost  $9  million  or  18  percent  higher  than  NASSCO's. 
General  Dynamics,  capitalizing  on  experience  with  AORs  1 thru  6, 
detailed  knowledge  of  the  AOR  5 and  6 baseline  design,  plus  know- 
ledge of  the  AOR  7 characteristics  changes,  caused  them  to  submit 
a bid  which,  in  the  final  analysis,  turned  out  to  be  closest  to  the 
final  contract  cost  of  $71 . 1 million. 


E-78 


(8) 


Prior  To  Contract  Award,  A Major  Reporgramming  Action 

Of  $10  Million  Was  Requested 


In  September  1972,  a $10  million  increase  was  requested  by 
the  Navy  to  cover  probably  higher  cost  of  the  AOR  7.  The  requested 
increase  was  attributed  to  a stated  under-estimation  of  material, 
labor  and  overhead  costs.  Approval  for  the  $10.0  million  reprogram- 
ming action  was  given  on  December  14,  1972  — one  day  before  the 
construction  contract  was  awarded. 

The  allocation  of  these  additional  funds  is  detailed  in 
Table  E.21  below: 


TABLE  E.21 

BREAKDOWN  OF  AOR  7 
ESTIMATE  AT  REPROGRAMMING  ACTION 


Cost  Category 

FY  1972 
Budget 

NAVSEA 
Allocation 
of  Funds 

Revised 

Estimate 

Plans 

$ 1.825 

$ 2.052 

$ 3.877 

Basic  Construction 

41.700 

6.431 

48.131 

Change  Orders 

2.700 

1.313 

4.013 

Electronics 

.955 

.130 

1.085 

H/M/E 

1.576 

1.105 

2.681 

NAVSEC  Tasks 

.250 

.340 

.590 

Ordnance 

5.019 

(1.096) 

3.923 

Future  Characteristics 

1.000 

(1.000) 

— 

Changes 

Escalation 

1.475 

.725 

2.200 

TOTAL 

$56,500  M 

$10,000  M 

$66,500  M 

♦ 


E-79 


The  fact  that  the  majority  of  these  funds  were  required  in  the 
plans  and  basic  construction  areas  suggests  that  the  earlier  budget- 
driven  reductions  in  these  areas  contributed  to  what  resulted  in  an 
overly-optimistic  estimate.  This  reprogramming  action  appears  to 
strengthen  the  contention  by  the  NAVSEA  estimators  that  the  reclama 
figure  of  $56.5  million  mentioned  earlier  was  based  upon  arbitrary 
changes.  It  further  illustrates  the  need  for  strict  adherence  to  the 
requirement  for  budget  quality  estimates  based  on  definitive  design. 

An  additional  $1 .5  million  was  reprogrammed  via  OSD  PBD 
*204  during  early  1973,  thereby  increasing  a previously  reduced  allow- 
ance for  escalation  growth.  This  action  resulted  in  a revised  end  cost 
estimate  of  $68.0  million.  These  two  reprogramming  actions  totalling 
$1 1 .5  million  result  in  an  estimated  end  cost  nearly  equal  to  the  class 
"D"  estimate  of  May  1970.  Had  this  original  class  "D"  estimate  been 
retained,  the  overrun  could  have  been  reduced  by  50  percent. 

(9)  Best  And  Final  Bids  Were  Submitted  By  Three  Offerors  On 

October  5,  1972 

Todd  Shipyards'  and  General  Dynamics'  initial  bids  were  also 
their  best  and  final.  National  Steel,  however,  did  revise  their  bid 
downward  from  $51 .72  million  to  $51 .47  million  through  minor  reduc- 
tions in  the  auxiliary  systems  and  outfitting/furnishing  categories. 
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(10)  National  Steel  Awarded  AOR  7 Contract  For  $51 .5  Million 


On  October  16,  1972,  the  Source  Selection  Advisory  Council 
recommended  the  awarding  of  the  AOR  7 contract  to  NASSCO.  On 
December  15,  1972,  NASSCO  was  awarded  the  AOR  7 contract  for 
$51 ,474,347.  The  contract  was  a fixed  price  incentive  type  with 
material  and  labor  escalation  clauses.  A summary  of  the  contract 
costs  at  award  follows: 


Target  Cost 
Target  Profit 
Target  Price 
Ceiling  Price 


$47,125,383 

4,348,964 

51,474,347 

58,906,727 


Delivery  was  scheduled  to  be  36  months  from  award  date. 


A comparison  of  the  man-hours  bid  with  regard  to  major  cost 
categories  is  shown  in  Figure  E.5  along  with  the  Independent  Govern- 
ment Estimate  and  actual  man-hours  expended. 


(11)  NASSCO's  Past  Performance  In  Meeting  Delivery  Dates 

With  respect  to  prior  Navy  ship  construction,  NASSCO  had 
built  and  delivered  twenty-four  ships  to  the  Navy  since  1966.  During 
1963,  in  conjunction  with  the  Navy,  NASSCO  developed  the  proto- 
type combat  stores  ship,  the  U.S.S.  MARS  (AFS  1)  and  subsequently 
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DIRECT  LABOR  MAN/HOURS 
PERCENT  OF  GOVERNMENT  ESTIMATE 


FIGURE  E.5 

COMPARISON  OF  AOR  7 BID  DATA 
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delivered  seven  AFS-type  ships  to  the  Navy  (the  last  of  which 
delivered  in  1970).  This  was  followed  by  a $250  million  contract 
for  seventeen  1179  Class  LSTs,  the  last  of  which  was  delivered  in 
August  1972.  Additionally,  NASSCO  had  built  and  was  still  building 
a number  of  large  oceangoing  commercial  ships.  A summary  of  pre- 
vious Navy  ship  deliveries  reveals  that  of  the  24  ships  delivered  to 
the  Navy  prior  to  the  award  of  the  AOR  7 contract,  the  contractor 
had  averaged  an  overall  eight  months  lateness  in  ship  deliveries, 
five  months  of  which  were  attributable  to  excusable  delay,  and  three 
months  non-excusable  delay.  In  contrast,  the  other  two  AOR  7 
bidders  had  an  average  of  23  and  15  months  delivery  delay,  respec- 
tively, as  illustrated  below: 


DELIVERY  PERFORMANCE 
1966  - 1972 

AOR  7 Bidder 

* of  Navy 
Ships  Since 
1966 

Average 

Months 

Delay 

Months 

Excusable 

Delay 

Months 

Non-excusable 

Delay 

* 1 

18 

23 

6 

17 

* 2 

9 

15 

8 

7 

NASSCO 

24 

8 

5 

3 

Further  analysis  of  past  NASSCO  Navy  ship  deliveries  in- 
dicated that  starting  with  the  seventh  LST  1179  class  ship,  delivery 
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delay  had  increased  to  six  months  and  thereafter  increased  at  a rate 
of  one  month  additional  delay  per  month  until  the  17th  and  last  ship 
of  the  class  was  delivered  14  % months  late. 


NASSCO's  excusable  delay  (five  months)  was  attributed  to 
the  modification  and  the  non-excusable  delay  (three  months)  to  low 
labor  progress.  This  when  viewed  with  the  delays  associated  with  the 
AORs  1 through  6,  which  averaged  16  j months  delay  — with  AOR  6 
delivered  34  months  late  --  would  indicate  a certain  degree  of  risk 
associated  with  a minimum  construction  period  of  26  months  planned 
for  AOR  7.  The  table  below  compares  the  planned  versus  actual 
construction  experience  for  the  previous  six  AORs  at  General 
Dyna  m i c s -Qu  i ncy . 


CONSTRUCTION  EXPERIENCE 


AOR  Hull  Number 

Planned 

Construction 

Period 

(Months) 

Actual 

Construction 

Period 

(Months) 

Construction 

Period 

Overrun 

(Months) 

1 

27 

40 

13 

2 

25 

40 

15 

3 

28 

38 

10 

4 

22 

34 

12 

5 

24 

21 

17 

6 

24 

58 

34 

NOTE:  AOR  6 completion  was  held  up  by  outfitting  trades  slowing 

down  on  the  last  ship  in  the  yard. 
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6. 


AOR  7 CONSTRUCTION  BEGAN  ON  SCHEDULE  DURING 
OCTOBER  1973 


Initially,  NASSCO  issued  (12  Februar>  1973)  a schedule  of  produc- 
tion which  provided  for  three  months  administrative  lead  time.  This  time 
was  to  be  used  for  the  preparation  of  bills  of  material  and  modification  of 
drawings  and  plans  requiring  alteration  to  suit  building  methods  used.  This 
was  subsequently  changed  to  allow  a nine-month  lead  time  following  deter- 
mination that  the  original  schedule  was  inadequate.  Although  NASSCO 
apparently  allowed  sufficient  time  to  complete  preparations  for  construction, 
it  was  found  during  the  analysis  of  the  contractor's  eventual  Request  for 
Equitable  Adjustment  (REA)  that  NASSCO  had  indeed  experienced  overruns 
caused  by  defects  in  the  AOR  5 and  6 construction  information.  After  the 
first  year,  slippages  began  to  occur  in  the  Key  Events  Schedule,  as  shown 
In  Table  E.22. 
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TABLE  E.22 


SLIPPAGES  IN  AOR  7 KEY  EVENTS  SCHEDULE 


Schedule 


Months 


Description 

Date 

Actual 

Late 

Start  Construction 

10/01/73 

10/06/73 

Keel 

01/05/74 

01/19/74 

- 

Launch 

1 1/02/74 

12/07/74 

1 

Ship  Service  Gen.  Tests 

08/01/75 

05/12/76 

9 

Boiler  Light  Off 

06/27/75 

04/26/76 

10 

Preliminary  Dock  Trials 

08/25/75 

07/13/76 

11 

Official  Ctock  Trials 

09/08/75 

07/14/76 

10 

Builder  Sea  Trials 

09/29/75 

08/01/76 

10 

Acceptance  Trials 

1 1/03/75 

09/13/76 

10 

Contract  Delivery 

12/15/75 

10/14/76 

10 

(1)  Schedule  Slippages  Can  Be  Traced  To  Late  Arrival  Of  Con- 
tractor-Furnished Equipment 

Late  deliveries  impacting  construction  schedules  occurred 
mostly  in  the  main  propulsion  area.  Late  arrivals  of  equipment  and 
material  resulted  in  slippages  in  the  Master  Machinery  Erection  (MME) 
Schedule  events  of  from  three  to  12  months.  Examples  of  the  above 
are  found  in  Table  E.23. 
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TABLE  E.23 


AOR  7 MME  SCHEDULE  SLIPPAGE 


MMEs  No. 

Description 

Scheduled 

Date 

Actual 

2C 

Pumps,  Fire 

02/15/74 

04/23/75 

2D 

Pumps,  Main  Feed 

04/12/74 

12/03/75 

2E 

Pumps,  Main  Condensate 

04/26/74 

1 2/20/74 

2F 

Pumps,  Main  Circulating 

05/17/74 

01/07/75 

6 

Generators,  Emergency  Diesel 

04/19/74 

12/16/74 

7 

MG  Sets  30  KW,  400  HZ 

04/19/74 

02/06/75 

8 

Compressor,  Air 

04/29/74 

05/01/75 

11 

Condensers,  Main 

05/17/74 

09/19/74 

12A 

Main  Propulsion  Turbines 

05/25/74 

09/23/74 

12B 

Main  Propulsion  Red.  Gears 

05/24/74 

09/20/74 

13 

Distilling  Plant 

05/24/74 

12/13/74 

14 

Tanks,  DA  Feed 

05/31/74 

05/01/75 

15A 

Switch  Board  Main  I.C. 

06/07/74 

08/23/74 

15B 

Switch  Board  S/S 

06/06/74 

09/18/74 

15D 

Switch  Board  Emergency 

06/28/74 

09/06/74 

16 

Boilers,  Main 

06/14/74 

1 1/02/74 

18 

Forced  Draft  Blowers 

06/28/74 

10/31/74 

19 

Steering  Gear 

06/28/74 

09/25/74 

9 

Generators  SS 

05/03/74 

02/12/75 

Boiler  light-off  was  ten  months  behind  schedule 
primarily  due  to  slipped  hull  erection  schedules  and 
delivery  of  critical  valves.  A summary  of  the 
scheduled  and  actual  delivery  dates  for  key  valves 
are  found  in  Table  E.24. 


Due  to  non-receipt  of  valves,  the  contractor  pro- 
posed on  17  December  1975  that  the  current  contract 
delivery  date  of  15  July  1976  could  only  be  met  if 
Navy  approved  the  substitution  of  commercially- 
available  replacements.  Following  discussions  re- 
garding valve  substitution,  the  contractor  advised  on 
22  January  1976,  that  barring  unconditional  approval 
for  valve  substitutions,  the  delivery  date  would  slip 
to  30  September  1976.  (Approval  was  denied.) 


E-87 


TABLE  E.24 


AOR  7 VALVE  SCHEDULE  SLIPPAGES 


Item 

Scheduled 

Delivery 

Actual 

Delivery 

Fire  Main  Valves,  Main  Deck  & Below 

07/03/74 

02/03/75 

Drain  Valves,  Engine  Room 

05/20/74 

04/21/75 

High  Pressure  Desuperheat  Steam  Valves 

07/05/74 

04/09/76 

Fuel  Oil  Mainfolds 

05/03/74 

12/16/75 

Fuel  Oil  Stripping  Valves 

05/03/74 

12/16/75 

Gland  Seal  & Exhaust  Valves 

07/15/74 

06/26/75 

Gland  Exhauster  Valves 

07/22/74 

06/05/75 

150  ^ Steam  Valves 

06/03/74 

06/25/75 

150  * Steam  Valves 

06/03/74 

02/02/76 

Boiler  Blow  Valves 

07/29/74 

10/29/75 

(2)  Key  Event  And  Master  Machinery  Erection  Schedule  Slip- 
pages Necessitated  Extensive  Work-Arounds  And  Resulted 
In  Deviations  In  Planned  Direct  Labor  Expenditures 


The  majority  of  deviations  in  planned  direct  labor  expenditures 
came  before  launch  when  massive  efforts  were  initiated  to  meet 
launch  date,  which  was  accomplished  within  one  month  of  original 
schedule.  Figure  E.6  illustrates  the  magnitude  of  changes  in  planned 
manpower  scheduling.  Figure  E.7  which  follows  indicates  the  mag- 
nitude of  other  work  in  the  contractor's  yard  and  might  explain  the 
rigid  adherence  to  the  planned  AOR  7 launch  date. 
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FIGURE  E.6 

SCHEDULE  MANPOWER  LOADING  vs. 
ACTUAL  MANPOWER  LOADING 
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KEEL  DATE  4 ESTIMATED  DELIVER Y DATE 


(3)  Excess  Manpower  Expenditures  Indicate  Low  Productivity 

And  Defective  Plans  And  Drawings 

The  total  man-hours  expended  exceeded  the  NASSCO  bid 
amount  by  nearly  1 .7  million,  of  which  938,000  or  55  percent  can 
be  traced  to  the  area  of  hull  construction.  An  additional  467,000 
man-hours  is  attributed  to  overruns  in  the  auxiliary  systems  and  con- 
struction services  categories.  NASSCO's  stated  reasons  for  the  labor 
overrun  experienced  in  AOR  7 included  defective  prior  ship  con- 
struction information  which  was  not  representative  of  the  actual 
configuration  of  the  AOR  5 and  6,  unanticipated  work  resulting 
from  government  changes  in  nine  major  areas,  and  non-incorporation 
of  Advance  Engineering  Authorizations  which  the  contractor  felt 
were  known  to  the  Government,  but  which  were  not  supplied  with 
other  government  furnished  construction  information. 

It  is  interesting  to  note  that  all  three  bidders  plus  the  govern- 
ment estimators  were  found  to  have  estimated  nearly  one  million 
man-hours  less  than  was  actually  necessary  to  complete  the  hull 
structure.  In  addition,  the  builder  of  the  AORs  1 through  6 was 
approximately  20  percent  below  total  actual  man-+iours  expended. 

A comparison  of  total  man-hour  estimates  was  shown  previously  in 
this  chapter  in  Figure  E.5  which  is  found  on  page  E-82. 

E— 91 


i 


Analysis  of  the  documentation  available  covering  settlement 
of  the  Request  for  Equitable  Adjustment  shows  that  part  of  the  reason 
for  the  large  labor  overrun  is  attributed  to  the  use  of  inadequate  or 
defective  prior  ship  construction  information.  This  is  supported  by 
NASSCO's  allegation  that  the  drawings  supplied  from  the  AOR  5 and 
6 which  they  were  contractually  required  to  use  in  constructing  the 
AOR  7,  were  not  in  an  "as  built"  condition.  In  this  connection,  vari- 
ous measurements  and  photographs  that  had  been  taken  aboard  AOR  5 
and  compared  with  the  related  drawings  supported  these  allegations. 
Evidence  of  massive  space  interferences  and  apparent  non -in corpora- 
tion of  Advance  Engineering  Authorizations  in  the  AOR  5 drawings 
resulted  in  the  contention  that  the  drawings  supplied  (GFI)  did  not 
reflect  the  actual  prior  ship  configuration.  The  Government's  own 
analysis  of  the  REA  stated  that  the  five  day  period  allowed  bidders 
for  review  of  some  1500  plans  and  drawings  was  not  adequate  for  a 
determination  of  completeness.  More  than  200,000  man-hours  were 
allowed  NASSCO  via  settlement  of  their  REA  for  engineering, 
production  and  disruption  as  a result  of  the  inadequacies  found  in 
construction  drawings. 

i 

A comparison  of  the  bid  estimates,  both  from  government 
and  builders  shows  that  in  the  category  of  hull  structure  NASSCO's 
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estimate  of  man-hours  equalled  only  37  percent  of  the  actual  hours 
expended.  Navy's  independent  estimate  amounted  to  only  34  per- 
cent of  actual  expenditures,  and  General  Dynamics'  estimate  (after 
building  six  AORs)  was  only  for  45  percent  of  the  actual  man-hours 
required  for  hull  completion.  The  fact  is  that  none  of  the  estimates, 
regardless  of  the  amount  of  expertise  shown  by  the  estimators,  fell 
within  two-thirds  of  the  actual  man-hour  expenditures  in  the  hull 
construction  category.  It  should  be  noted  that  the  hull  category 
accounts  for  approximately  one-third  of  the  total  man-hours  expended 
and  represents  approximately  50  percent  of  the  total  man-hour  overrun 
This  appears  to  point  to  the  possibility  of  a gross  miscalculation  of 
achievable  productivity  especially  in  the  area  of  hull  construction. 
This  is  supported  by  the  government's  own  analysis  of  NASSCO's 
REA,  in  which  it  was  stated  that  NASSCO's  bid  contained  a reason- 
able man-hour  estimate. 

While  there  appears  to  be  no  single  factor  that  accounts  for 
the  excessive  man-hour  expenditures  from  the  available  data  it  can 
be  assumed  that  a combination  of  factors  contributed  to  the  overage. 
These  include  defective  prior  plans  and  drawings,  low  productivity 
in  the  hull  construction  area  and  additional  man-hours  charged  to 
the  auxiliary  systems  area  which  are  attributable  to  late  CFE  and  the 
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resu I tant  work-around  and  catch-up  expenditures.  Actual  man- 
hour percentage  variations  are  shown  in  Table  E.25  below.  As  seen 
below  actual  total  man-hour  expenditures  exceeded  the  bid  estimate 
by  71  percent  and  the  Government's  independent  estimate  by  76 
percent. 


TABLE  E.25 

NASSCO  BID/GOVERNMENT  VS.  ACTUAL  MAN-HOURS 
PERCENTAGE  VARIATION  BY  CATEGORY 


Hull  Structure 
Propulsion 
Electric  Plant 
Communication  & Control 
Auxiliary  Systems 
Outfitting  and  Furnishing 
Armament 

Design  & Engineering  Services 
Construction  Services 
Total  Man-hour  Overrun  % 


NASSCO 

Government 

% (+)  (-) 

% (+)  (-) 

+ 171 

+ 197 

+ 33 

+ 60 

- 4 

- 5 

- 21 

+ 65 

+ 44 

+ 29 

+ 39 

+ 7 

+ 147 

- 66 

+ 55 

+ 60 

+ 61 

+ 108 

+ 71 

+ 76 

(4)  Government-Furnished  Equipment  Was  Not  A Significant 
Factor  Impacting  Construction  Delay  Or  Contract  Growth 


Late  GFE  was  not  considered  a contributing  factor  to  either 
delivery  delay  or  shipbuilder's  cost  growth  based  on  the  approved, 
revised  delivery  date.  Installation  of  the  NATO  SEASPARROW  Sur- 
face Missile  System  (NSSMS)  could  have  been  a factor,  but  this  was 
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stopped  or  deferred  by  HMR  53  (dated  January  1975)  and  subsequently 
accomplished  during  the  post-delivery  period  at  Long  Beach  Naval 
Shipyard.  Such  action  probably  averted  a significant  claim.  The 
AOR  7 was  delivered  with  an  ordnance  installation  that  consisted  of 
two  guns  which,  while  prudent  from  a claims  point  of  view,  repre- 
sented the  loss  of  a planned  defensive  capability  at  delivery  and, 
in  fact,  was  necessitated  by  a major  slippage  in  the  NATO  SEA- 
SPARROW  weapons  system. 

The  subsequent  cost  impact  of  this  deferral  was  an  overrun 
of  $0.7  million,  the  majority  of  which  ($0.5  million)  was  in  the 
cost  of  the  launcher  and  director.  A summary  of  the  events  which 
lead  to  deferral  of  the  NSSMS  follows: 

. Decision  to  include  NSSMS  in  AOR  7 characteristics 

was  approved  by  OPNAV  in  July  1971 . 

. NSSMS  estimated  hardware  delivery  dates  began  to 

slip  as  early  as  August  1973. 

. NASSCO  advised  in  January  1974  of  three  month 

NSSMS  delivery  delay. 

. In  November  1974,  SupShips  advised  that  delivery  of 

AOR  7 with  operable  NSSMS  was  highly  improbable. 

. In  December  1974,  NAVSEA  recommended  to 

OPNAV  that  NSSMS  be  placed  In  space  and  weight 
category  with  installation  deferred  to  FOA. 

. CNO  approved  NSSMS  change  in  January  1975. 
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(5)  Delivery  Of  The  APR  7 Was  Delayed  Ten  Months 


All  delay  was  adjudicated  as  excusable  in  contract  modifi- 
cations with  actual  delivery  taking  place  on  14  October  1976  vice 
the  originally  scheduled  date  of  15  December  1975. 


In  January  1975,  the  contractor  affirmed  15  December 
1975  as  the  then  current  contract  delivery  date. 

Contractor,  in  mid-February  1975,  asserted  that  ship 
would  be  delayed  as  a result  of  stated  causes,  pri- 
marily late  CFE,  which  he  considered  excusable  and 
proposed  that  15  April  1976  be  accepted  as  the 
guaranteed  delivery  date  of  the  ship. 

Government  rejected  proposed  new  guaranteed  deli- 
very date  on  the  grounds  that  stated  causes  were 
present  prior  to  early  January  1975  when  the  con- 
tractor reaffirmed  the  15  December  1975  delivery 
date. 

The  Government,  by  contract  modification  dated 
21  July  1975,  agreed  to  extend  the  delivery  date  of 
15  December  1975  to  15  June  1976  for  stated  con- 
siderations, which  included  full  and  final  settlement 
for  all  claims  arising  out  of  delays  in  delivery  of 
GFE  (Schedule  A)  which  previously  occurred.  The 
considerations  did  not  include  late  GFI. 

Government,  by  contract  modification  dated  17 
September  1976,  agreed  to  extension  of  contract 
delivery  date  to  14  October  1976. 

- Considerations  included  contractor  accept- 

ance of  full  responsibility  for  cost  of  addi- 
tional Builder  Trial  held  during  August  and 
September  1976. 
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- Contractor  further  ogreed  to  correct  certain 

government-responsible  trial  item  deficiencies 
as  per  attachment  to  FMR  88. 

(6)  Final  Adjudicated  Contract  Price  Was  $71.1  Million  (End 
Cost  $86.3  Million) 

Over  the  life  of  the  AOR  7 controct,  o total  of  $900  thou- 
sand was  paid  to  NASSCO  for  adjudicated  changes  reflected  in 
FMRs  and  HMRs.  By  contract  modification,  the  controct  billing 
price  was  increased  to  cover  allowoble  cost  increoses  reloted  pri- 
marily to  increased  labor  expenditures  for  o totol  of  $6.7  million. 
Table  E.26  summarizes  the  contract  cost  growth. 

TABLE  E.26 

SUMMARY  OF  AOR  7 CONTRACT  COST  GROWTH 


Originol  Contract  Target  Price  $51  .4 

FMRs  ond  HMRs  lexcluding  REA-reloted)  .9 

Increased  Billing  Price  via  Controct  Modifi cation  6.7 
HMR  ^ 58  (REA  settlement)  2.9 

Escalotion  Paid  9.2 

Final  Adjudicated  Contract  Price  $71.1  million 


The  majority  of  the  finol  cost  increase  wos  incurred  os  a 
result  of  the  settlement  of  a Request  for  Equitoble  Adjustment  (REA) 
submitted  by  NASSCO  in  November  1975.  The  originol  REA  totalled 
over  $20  million  and  contained  19  separote  items.  The  settlement 
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negotiations  are  outlined  below: 


The  REA  was  examined  by  a team  from  SupShips- 
San  Diego  in  order  to  analyze  the  facts  and  aid 
settlement. 

In  October  1976,  the  original  REA  was  formally 
modified  to  nine  items  as  follows: 


Replenishment-at-Sea 

$ 748,893 

Hotel  Space  Arrangement 

2,698,654 

Machinery  Spaces  Interferences 

1,595,997 

Growth  in  Electrical  Dist. 

278,756 

Degaussing  Systems 

22,647 

Pollution  Holding  Tanks 

116,833 

Thermal  Insulation 

65,647 

Shafting  Calculation 

34,420 

Grounding  of  Elect.  Equip. 

28,877 

$5,590,724 

Subsequent  technical  and  cost  evaluations  substan- 
tiated that  NASSCO  had  incurred  reimbursable  costs 
as  a result  of  Government  changes  and  defective 
ship  construction  plans  and  drawings. 

Following  review,  the  Government  proposed  a settle- 
ment of  $2.9  million.  Extensive  negotiations  took 
place  between  NASSCO  and  Government  representa- 
tives and  agreement  was  reached  on  November  12, 
1976,  in  the  amount  of  $3.5  million.  This  included 
$581  thousand  for  outstanding  FMRs  (repairs  to  GFM, 
etc.)  and  $2,919,000  covering  items  specified  in  the 
REA.  Details  regarding  the  $2.9  million  settlement 
are  found  in  Table  E.27. 

The  $9,180  million  escalation  paid  ($4,017  million 
related  to  labor  and  $5,163  million  to  materials) 
equals  approximately  40  percent  of  the  total  contract 
growth.  The  escalation  provision  had  reached  the 
maximum  permitted  number  of  quarterly  payments 
eleven  months  prior  to  delivery.  The  approved  bud- 
get baseline  allowed  for  only  $1  .475  million  for 
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TABLE  E.27 


Reference 
HMR  - 

58.1 

58.2 

58.3 

58.4 

58.5 

58.6 

58.7 

58.8 


DETAIL  OF  SETTLEMENT  OF  AOR  7 REA 


Items 

Actual  Settlement 

Rep  1 enishmen  t-at-  Sea 

$ 387,487 

Habitability 

1,346,985 

Machinery 

814,995 

Electronics  Growth 

44,495 

Degaussing 

6,845 

Holding  Tanks 

17,306 

Insulation 

23,939 

Shafting 

19,899 

Grounding 

11,197 

HMR  SubTotal 

$2,673,148 

Profit 

245,930 

$2,919,078 


escalation  growth.  The  most  significant  increase  in 
escalation  results  from  revisions  in  the  rates  upon 
which  the  escalation  payments  are  computed.  This 
amounted  to  a $4,331  million  adjustment  to  the  es- 
calation funds  as  reported  in  the  August  1974  Ship 
Cost  Adjustment  Report. 
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7. 


THE  UNESCALATED  COST  GROWTH  EXPERIENCED  IN  THE  AOR  7 
ACQUISITION  IS  PRIMARILY  ATTRIBUTABLE  TO  AN  UNDERESTI  - 

MATE  OF  MANPOWER  REQUIREMENTS 

Analysis  of  available  data  shows  that  the  overrun  in  labor  costs 
occurred  as  detailed  below. 

(1)  Construction  Plans  For  The  AOR  7 Were  Inadequate  And 

Defective 

The  contract  required  that  the  detail  working  drawings  pre- 
pared for  the  AOR  5 and  6 by  General  Dynamics-Quincy  be  utilized 
to  the  maximum  extent  possible  for  the  AOR  7.  The  offerors  were 
given  only  five  days  during  which  time  they  were  to  evaluate  some 
1 ,500  drawings  and  plans.  Although  bids  were  based  upon  this 
information,  it  is  improbable  that  a complete  review  could  have 
been  possible  considering  the  time  available . 

The  contractor  expended  an  unanticipated  amount  of  labor 
for  engineering  the  necessary  changes  to  drawings  and  plans  from 
the  AOR  5 and  6.  This  additional  effort  had  the  effect  of  disrupting 
other  scheduled  work  since  plan  schedules  were  not  met,  as  illus- 
traded  in  the  following  table. 

A review  of  the  documentation  of  HMR  ^58  indicates  that 
approximately  $2.7  million  was  granted  the  contractor  for  excess 

i 
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TABLE  E.28 


APR  7 DRAWINGS 
Schedule  and  Progress  Record 


Drawing  Title 

Vent,  01  & 02  Level  - Fdn. 

Fdn.,  Electrical,  Fire  Room 

Diag.  Main  Steam  System 

Diag.  Main  Steam  & Condenser  System 

Boiler  Feed  Piping 

LP  Boiler  Feed  Piping 

Aux.  S.W.  Cooling  Piping,  Fire  Rm. 

Fuel  Oil  Boiler  Front  Piping 

Lube  Oil  Transfer  & Purifying  Piping 

Pwr.  System  WDP  Fire  Room, 

11 -6  and  15-6  Levels 

Diag.  JP-5  Cargo  System 

Diag.  NAV  Distillate  Cargo  System 

Aft  Sewage  Disposal  Room 

Amidships  Sewage  Disposal  Room 

Forward  Sewage  Disposal  Room 

Fire  Main  Piping  - Fire  Room 

Diag.  Aux.  Machinery  and 
S.W.  Circ.  System 


Issue 


Scheduled 

Actual 

08/02/74 

10/14/74 

05/17/74 

1 1/08/74 

05/04/73 

11/14/73 

08/1 0/73 

12/07/73 

03/29/74 

06/26/74 

04/26/74 

06/10/74 

04/19/74 

06/1 1/74 

04/19/74 

06/10/74 

03/15/74 

08/30/74 

06/14/74 

09/28/74 

04/06/73 

07/10/73 

04/06/73 

07/10/73 

04/15/74 

07/29/74 

04/15/74 

08/07/74 

04/15/74 

08/21/74 

04/19/74 

06/21/74 

- 

04/08/74 
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labor  necessitated  by  government-responsible  inadequacies  and 
defects  regarding  construction  plans  and  drawings. 


(2)  Contractor-Furnished  Equipment  Was  Constantly  In  Overdue 
Status 


A review  of  available  progress  documents  shows  that  the 
overdue  status  of  con  tractor -furnished  materials/equipment  adversely 
impacted  planned  key  event  and  erection  schedules. 


Only  nine  of  the  43  events  scheduled  for  completion 
during  the  period  October  1973  through  July  1974 
were  completed  as  scheduled. 

The  contractor  advised  on  28  January  1975  that  the 
scheduled  ship  delivery  date  of  15  December  1975 
was  unattainable  due  to  late  CFE  and  unreceived 
material  items.  In  February  1975,  proposed  delivery 
on  15  April  1976  because  of  approximately  2,000 
specific  line  items  of  late  material. 

Due  to  non-receipt  of  valves  (some  of  which  were 
critical  to  boiler  light-off),  the  contractor  proposed 
on  17  December  1975  that  the  then  current  delivery 
date  of  15  July  1976  could  only  be  met  if  Navy 
approved  the  substitution  of  commercially-available 
replacement  valves.  Following  discussions  regarding 
the  above,  the  contractor  advised  on  22  January  1976 
that,  barring  unconditional  Government  approval  for 
valve  substitutions,  the  delivery  date  would  slip  to 
30  September  1976.  (Approval  was  denied.) 

As  of  April  1976,  260  items  of  CFE  still  had  not  been 
received  although  the  14  valves  critical  to  boiler 
light-off  were  then  available,  somewhat  easing  the 
probability  of  further  disruption.  It  should  be  noted 
that  a 30  September  1976  delivery  date  was  still 
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projected  at  this  time,  although  actual  delivery  was 
two  weeks  later. 


8.  THE  AOR  7 EXPERIENCED  AN  OVERRUN  OF  53  PERCENT  ON  THE 
ORIGINAL  BUDGETED  END  COST  ESTIMATE  FORWARDED  TO  THE 
CONGRESS  IN  1971 

Program  tracking  was  able  to  identify  an  aggregate  overrun  of  $29.8 
million  during  the  six  year  period  from  authorization  to  ship  delivery.  Sev- 
eral areas  contributed  to  the  overall  cost  growth. 


Cost  attributable  to  basic  construction  accounted  for  66 
percent  ($19.7  million)  of  the  growth  caused  by 

Incorrect  plans 
Defective  specifications 

- Inadequate  time  to  estimate 

- Changing  market  conditions 
Low  productivity 

- Delay  in  government  action 
Scheduled  event  delays 

Costs  in  other  areas  including  escalation,  changes  and 
GFE/GFI  accounted  for  the  remaining  $10.1  million 
related  to: 

- Constraints  on  estimates 

- Program  uncertainty 

- Unanticipated  escalation 

- Low  productivity 
Insufficient  definition 

- Characteristics  changes 

- Incorrect  plans  and  defective  specifications 

- Poor  estimates 

- Inadequate  time  to  estimate 
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CONCLUSIONS 


The  tracking  leads  to  the  following  conclusions  relative  to  the  AOR  7 
experience. 


The  numerous  pre-authorization  budget  reviews  caused  a 
pressuring  of  the  estimating  process  which  resulted  in  lower 
estimates. 

Budget  ceilings,  real  or  self-imposed,  seriously  inhibited 
allowances  for  reasonable  contract  growth  especially  as 
seen  in  the  overrun  in  escalation. 

Budgeting  decisions  were  made  without  budget  quality 
estimates  and  characteristics  changes  were  made  during 
the  contract  design  process,  thus  invalidating  the  budgeted 
amount.  (See  Table  E.29.) 

Completed  prior  ship  drawings  were  not  updated  in  a system- 
atic or  disciplined  manner. 

The  time  allowed  to  review  AOR  5 and  6 working  drawings 
was  not  adequate  and  provisions  to  ship  check  AOR  5 and  6 
for  “as-built"  conditions  were  not  made. 

AOR  7 characteristics  changes  were  used  as  a wedge  for 
inflating  or  deflating  end  cost  estimates.  The  cost  impact 
of  these  changes  was  underestimated. 

Productivity  factors  were  in  error. 

CFE  lead  times  were  inadequate. 

NAVSEA  did  not  adequately  react  to  several  indications 
that  NASSCO  had  underbid  by  a substantial  amount  when 
compared  to  the  bids  submitted  by  both  the  builder  of  the 
AORs  1 through  6 and  Todd  Shipyards. 

Lack  of  an  adequate  budget  quality  ("C")  end  cost  estimate 
for  a modified  repeat  design  cannot  be  justified. 
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TABLE  E.29 


SUMMARY  OF  AOR  7 COST  MOVEMENT 


Cost  Category 

$68.5  Million 
Class  "D" 
May  1970 

Reductions 

$56.5  Million 
Class  MF" 

Nov.  1970 

Final 
Estimate 
Oct.  1976 

Plans 

1.880 

( .055) 

1.825 

3.527 

Basic  Construction 

44.700 

(3.000) 

41 .700 

61 .425 

Change  Orders 

3.600 

( .900) 

2.700 

2.313 

Electronics 

1.145 

( -190) 

.955 

.985 

H/M/E 

1.790 

( .214) 

1.576 

2.190 

NAVSEC  Tasks 

1.000 

( .750) 

.250 

1 .098 

Ordnance 

8.055 

(3.036) 

5.019 

5.000 

Future  Char.  Changes 

1.700 

( .700) 

1 .000 

.456 

Escalation 

4.630 

(3.155) 

1.475 

9.306 

Total 

$68,500 

$(12,000) 

$56,500 

$86,300 

IV.  CASE  STUDY  OF  THE  SSN  678 


This  class  of  nuclear  attack  submarines  has  as  its  mission  the  locating 
and  destruction  of  enemy  submarines  and  surface  ships.  They  are  designed  to 
conduct  radio,  radar  and  sonar  reconnaissance,  as  well  as  coordinated  anti- 
submarine warfare  units.  It  is  the  largest  single  class  of  nuclear  powered  sub- 
marines in  the  fleet.  The  acquisition  for  the  37  ship  class  covered  a period 
of  fourteen  years  from  the  award  of  the  first  contract  for  SSN  637  in  November 
1961,  to  the  commissioning  of  the  SSN  687  in  August  1975. 

This  chapter  will  trace,  in  part,  the  acquisition  of  the  37  ships  of  the 
STURGEON  Class  of  nuclear  attack  submarines  and,  in  detail,  the  ARCHER- 
FISH SSN  678  (the  24th  ship)  from  the  original  end  cost  estimate  as  submitted 
to  the  Congress  through  contract  award,  construction  and  delivery.  The 
original  end  cost  estimate  for  the  SSN  678  forwarded  to  Congress  in  1966  was 
$341  million  for  a buy  of  five  FY  1967  ships  or  an  approximate  $70  million 
estimated  per  unit  end  cost.  A construction  contract  for  four  ships  was  awarded 
to  the  Electric  Boat  Division  of  General  Dynamics  in  June  1968,  including 
the  ARCHERFISH  which  was  delivered  to  the  Navy  three  months  ahead  of 
schedule  on  23  December  1971,  at  an  estimated  end  cost  at  delivery  of  $84.3 
million.  This  amount  represents  an  apparent  cost  growth  of  approximately  20 
percent. 

I 
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THE  DEVELOPMENT  OF  THE  STURGEON  CLASS  SUBMARINE  WAS 
EVOLUTIONARY  RATHER  THAN  A MAJOR  DEPARTURE  FROM 
PREVIOUS  DESIGNS 

Modern  nuclear-powered  attack  submarines  have  actually  followed  a 
developmental  path  which  began  with  the  SKIPJACK,  thence  to  the  THRESHER 
PERMIT  Class,  thence  to  the  STURGEON  Class,  and  finally  to  the  current  LOS 
ANGELES  Class.  The  STURGEON  Class  design  was  founded  on  the  improved 
depth  and  silence  capabilities  of  the  THRESHEI^/PERMIT  Class.  The  need  for 
immediate  incorporation  of  designated  SUBSAFE  requirements  hastened  this 
development  process  in  the  case  of  the  STURGEON  Class. 


Guidance  for  updating  the  characteristics  was  orderly  throughout  the 
long  acquisition  program  and  closely  paralleled  the  state  of  the  art  in  electronics 
and  weapons  development.  Changes  were  almost  continuous  as  is  seen  in  the 
Characteristics  Chronology  set  forth  in  EXHIBIT  E.5  which  is  found  on  page 
E-331 . 

Highlights  of  the  evolution  of  the  class  follow: 


The  first  eleven  submarines  (FY  1962-1963)  were  originally 
planned  to  be  PERMIT  (SSN  594)  Class  ships.  The  first  three 
FY  1962  ships  were  awarded  in  November  1961  as  PERMIT 
Class  ships  and  were  subsequently  modified  and  redesignated 
as  STURGEON  Class  ships. 

In  December  1961,  a re-engineering  of  the  PERMIT  Class  design 
was  ordered  which  included: 


E-107 

I 


i 


- System  simplification 

- Improvement  based  on  fleet  experience 
Improved  military  characteristics 
SUBSAFE  retrofits 

The  design  changes  were  considered  to  be  of  such  magnitude 
as  to  warrant  designation  of  a new  class  of  submarine,  the 
STURGEON  Class,  which  was  approved  in  October  1962. 

The  requirement  for  37  STURGEON  Class  ships  was  not  docu- 
mented at  the  outset,  rather  the  requirement  evolved  during 
the  progression  of  annual  programs. 


The  ships  in  the  SSN  637  Class  were  authorized  by  Congress  in  Fiscal 
Years  1962  through  1969  as  shown  in  the  following  table: 

TABLE  E.30 

SSN  637  CLASS  PROCUREMENT  SCHEDULE 
Fiscal  Year  62  63  64  65  66  67  68  69 

No.  Authorized  38566522 


The  FY  1962  SSNs  were  awarded  to  General  Dynamics,  Electric  Boat 
Division  (lead  ship)  and  one  follow  ship  each  to  Ingalls  Shipbuilding  and 
General  Dynamics- Quincy . During  the  eight  fiscal  years  of  SSN  637  Class 
procurement,  all  contracts  were  awarded  on  a competitive  basis  except  for  the 
seven  ships  built  in  naval  shipyards. 

Contracts  from  FYs  1962  through  1965  were  fixed  price.  Fiscal  Year 
1966  contracts,  also  fixed  price,  added  a special  provision  for  an  early  de- 

I I 

livery  bonus,  a feature  which  carried  through  the  remaining  program  years. 
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In  addition,  the  FY  1967  through  1969  contracts  were  fixed  price  incentive  fee 
types  which  offered  shipbuilders  a share  of  the  savings  realized  by  under-running 
a contractually  specified  target  for  incurred  costs. 


(1)  Over  The  Entire  Thirty- Seven  Ship  Program  Actual  Costs 

Exceeded  Predicted  Costs  By  13.1  Percent  With  An  Average 
Delay  Of  About  13  Months 

Over  the  nine  year  period  during  which  SSN  637  Class  sub- 
marines were  constructed,  the  average  cost  per  ship  was  $76.5  million. 
An  initial  cost  growth  in  the  FY  1962  buy  is  attributed  to  SUBSAFE  re- 
quirements and  associated  design  changes  brought  about  by  the  U.S.S. 
THRESHER  accident  in  1963.  Table  E.31  indicates  the  resulting  cost 
growth  totalling  $41.1  million  for  the  three  FY  1962  ships.  SUBSAFE 
changes  contributed  about  one-third  of  this  cost  growth  with  the  asso- 
ciated design  changes  accounting  for  the  remainder. 


TABLE  E.31 

SSN  637  CLASS  - COST  GROWTH  OF  FY  1962  SHIPS 
(Dollars  in  Millions) 


Contract  Actual 

Budget  Est.  End  % Deliv.  Deliv.  Months  Building 

Hull  No.  FY  To  Congress  Cost  Growth  Date  Date  Late  Yard 


SSN  637 

62 

61.3 

70.4 

14.8 

9/65 

3/67 

18 

Electric  Boat 

SSN  638 

62 

61.3 

70.8 

15.5 

7/65 

8/68 

37 

GD-  Quincy 

SSN  639 

62 

61.3 

183.9 

83.8 

225.0 

36.7 

22.2 

4/65 

8/68 

40 

Ingalls 
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The  program  estimates  and  actual  costs  for  the  entire  program 


are  shown  in  the  following  table. 


TABLE  E. 32 

SSN  637  CLASS  COST  HISTORY  OVER  PROGRAM 
(Dollars  in  Millions) 

Approved  Congressional  Budget  vs.  Actual  End  Cost 


Fiscal 

Year 

Number 
of  Ships 

Approved 

Budget 

Budget  Cost 
Per  Ship 

End 

Cost 

End  Cost 
Per  Ship 

Cost  Variance 
by  Fiscal  Year 

62 

3 

183.9 

61.3 

225.0 

75.0 

41.1 

63 

8 

505.9 

63.2 

612.4 

76.6 

106.5 

64 

5 

337.3 

67.5 

363.9 

72.8 

26.6 

65 

6 

441.0 

73.5 

426.5 

71.1 

04.5) 

66 

6 

400.9 

66.8 

437.2 

72.9 

36.3 

67 

5 

341.0 

68.2 

396.6 

79.3 

55.6 

68 

2 

143.2 

71.6 

176.0 

88.0 

32.8 

69 

2 

162.6 

81.3 

196.4 

98.2 

33.8 

2,515.8 

2 

,834.0 

318.2 

An  overall  cost  growth  of  5318.2  million  or  approximately  13 


percent  has  been  experienced  in  the  SSN  637  class.  Additionally, 


claims  totalling  approximately  $200  million  have  been  filed  and  are 
still  outstanding.  However,  it  should  be  pointed  out  that  this  nominal 
cost  increase  supported  a program  which  accommodated  a systematic 


update  of  class  characteristics  which  resulted  in  delivering  highly 
capable  units  to  the  fleets.  The. diversity  of  these  characteristic 
changes  is  summarized  in  Figure  E.8. 
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Delivery  delays  overaged  13.1  months  over  the  acquisition 
period.  Electric  Boat  Division  - General  Dynamics  built  32  percent 
af  the  program's  ships  and  experienced  no  overall  delcy.  On  average 
they  better  delivery  dates  by  one  month.  Table  E.33  illustrates  pro- 
gram delivery  performance. 

TABLE  E.33 

SSN  637  CLASS  DELIVERY  DELAYS 


FY 

Electric  Boat 

NNSDDC 

Qu 

\ncy 

Ingalls 

Mare  Island 

Portsmouth 

62 

(D 

+1 

- 

- 

0) 

+14 

0) 

- 

- 

- 

- 

- 

63 

0) 

+5 

(2) 

+4 

(1) 

+16 

(3) 

+2 

- 

- 

(1) 

+9 

64 

- 

- 

(3) 

+3 

- 

- 

- 

- 

(1) 

- 

(1) 

+11 

65 

(2) 

+3 

(2) 

+4 

- 

- 

- 

- 

(2) 

+33 

- 

- 

66 

(4) 

-16 

- 

- 

- 

- 

- 

- 

(2) 

+38 

- 

- 

67 

(3) 

-9 

- 

- 

- 

- 

(2) 

- 

- 

- 

- 

- 

68 

0) 

-13 

- 

- 

- 

- 

0) 

+1 

- 

- 

- 

- 

69 

- 

- 

(2) 

-2 

- 

- 

- 

- 

- 

— 

- 

Total 

(12) 

-29 

(9) 

+9 

(2) 

+30 

(7) 

+3 

(5) 

+71 

(2) 

+20 

% of  Class 

32 

25 

5 

19 

14 

5 

Average 

Delay  (Mos.) 

-2.4 

+1 

+15 

+0.4 

+14.2 

+ 10 

NOTE:  Number  of  ships  indicated  by  parentheses  ( ). 

+ indicates  months  of  delay  by  yard  and  by  fiscal  year. 

- indicates  months  ahead  of  schedule  by  yard  and  by  fiscal  year. 


The  private  contractors.  General  Dynamics/Electric  Boat  and 
Newport  News  Shipbuilding  and  Drydock,  had  enviable  delivery 
records  as  indicated  by  Tables  E.33  and  E.34. 


E-l  1 1 


TABLE  E.34 


SSN  637  CLASS  BUILDING  PERIODS 


(Award  to  Delivery) 

Number 

Average  Months 

Shipyard 

Of  Ships 

Per  Ship 

Electric  Boat  - Groton 

12 

52 

General  Dynamics  - Quincy 

2 

77 

Newport  News 

9 

54 

Ingalls 

6 

71  (less  POGY) 

Mare  Island  - NSY 

5 

72  (incl . GUITARRO) 

Portsmouth  - NSY 

2 

90 

These  deliveries  took  place  during  a period  of  evolutionary 
design  changes  in  the  class.  Schedule  A's  (Government  Furnished 
Systeny^Equipment/ Component  Listing)  were  constantly  updated  to 
reflect  technological  progress  and  changes  in  military  characteristics 
which  were  routinely  incorporated  over  the  program  years.  A major 
re-design  (hull  lengthening)  took  place  in  the  FY  1967  buy  — of 
which  the  SSN  678  was  the  first  in  this  modified  design.  Figure  E.8 
illustrated  the  sequential  incorporation  of  changes  over  the  span  of 
the  37  ship  program.  Note  the  hull  lengthening.  Schedule  A update, 
mid-ships  compartment  rearrangement  and  other  changes  that  were 
incorporated  into  the  ships  of  the  FY  1967  and  FY  1968  programs. 
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FIGURE  E.8 


E-1 13 


TOTAL  - 37  SHIPS 


2. 


THE  SSN  678  GREW  IN  COST  OVER  THE  BUDGETED  AMOUNT  BY 

20  PERCENT,  BUT  WAS  DELIVERED  AHEAD  OF  SCHEDULE 


The  history  of  the  SSN  678  procurement  was,  from  all  indications, 
based  upon  a fairly  realistic  estimated  end  cost  and  was  part  of  a well-managed 
procurement  program.  The  historical  performance  by  General  Dynamics  - 
Electric  Boat  Division  coupled  with  an  incentivized  contract,  appears  to  have 
impacted  favorably  upon  actual  delivery  time. 

(1)  Five  SSNs  Were  Authorized  For  The  FY  1967  Program  At  A 
Total  $341 .0  Million  Estimated  End  Cost 

The  CNO  requested  a price-out  for  the  FY  1967  SSNs  during 
September  1964.  This  request  resulted  in  an  October  1965  estimate 
of  $68.2  million  average  cost  per  ship  based  upon  the  characteristics 
of  the  FY  1966  SSN  637  Class  ships.  This  estimate  was  forwarded  to 
OSD  for  inclusion  in  the  FY  1967  budget. 

In  March  1966,  however,  CNO  directed  NAVSEA  to  under- 
take a study  relative  to  the  inclusion  of  additional  space  and  weight 
for  the  Acoustic  Information  Gathering  System  (AIGS).  The  findings 
of  this  May  1966  study  showed  that  the  then-current  length  of  the 
ship's  hull  would  have  to  be  increased  by  eight  feet,  which,  for  the 

five  FY  1967  ships  would  add  an  estimated  $3.7  million.  This  addi- 

» 

tional  funding  requirement  was  to  be  provided  through  a combination 
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of  Future  Characteristics  Change  money  ($1 .3  million)  and  cost  reduc- 
tion from  the  deletion  of  some  previously  planned  equipment  changes. 

September  1966  saw  the  initial  submission  of  the  revised  char- 
acteristics for  the  FY  1967  ships  to  members  of  the  Ships  Characteristics 
Board.  These  were  approved  in  February  1967  and  included  changes 
for  Acoustic  Information  Gathering  System  (AIGS),  noise  goals, 
installation  of  a Tactical  Range  Pinger,  increased  accommodations 
and  various  electronics  alterations.  The  evolution  from  the  initial 
price-out  to  budget  baseline  ship  is  detailed  below  for  the  SSN  678 
ARCHERFISH. 

TABLE  E.35 

BUDGET  ESTIMATE  CHANGES 


DATE 

(dollars  in  millions) 

REMARKS 

October  1965 

$68.2 

Price-out  per  CNO  request 

May  1966 

$68.9 

Increase  for  lengthening 

September  1966 

$70.0  (Budget 

hull  by  eight  feet 

FCC  reserves  for  additional 

Baseline  Ship) 

characteristics 

The  original  end  cost  estimate  forwarded  to  Congress  in  1966 
for  the  SSN  678  was  $70.0  million,  and  was  included  in  the  FY  1967 
SSN  637  class  budget  request  for  five  ships.  A summary  of  the  approved 
budget  for  the  SSN  637  (FY  67)  follows: 
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$ 70.0  mil  lion 


SSN  678 

SSN  679  70.0 

SSN  680  67.0 

SSN  681  67.0 

SSN  682  67.0 

Total  $341 .0 

(2)  The  First  Major  Adjustment  To  The  Approved  Budget  Boseline 

Ship  Resulted  From  Numerous  Approved  Characteristics  Changes 

The  approved  cost  for  SSN  678  of  $70.0  million  included 
$31.5  million  for  basic  construction.  Although  detailed  documenta- 
tion has  not  been  available,  an  increase  of  over  $7  million  in  the 
area  of  basic  construction  was  experienced  between  budget  approval 
and  contract  award  with  an  additional  $1 .5  million  increase  there- 
after. The  indications  would  tend  to  support  a conclusion  that  the 
greatest  portion,  if  not  the  entire  amount,  can  be  directly  related 
to  the  required  changes  in  the  ship's  configuration  brought  about  by 
the  hull- lengthening  and  other  interior  rearrangements.  Accumulated 
pre-award  changes  in  the  end  cost  estimate  for  SSN  678  are  summarized 
in  Table  E.36. 
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TABLE  E.36 


CHANGES  IN  END  COST  ESTIMATE  — SSN  678 
BETWEEN  CONGRESSIONAL  APPROVAL  AND  CONTRACT  AWARD 


(Dollars  in  Millions) 

Congressional 

70.0 

May  1966  — New 

Cost  for  Sonar 

0.8 

August  1966-68  — 

hull  lengthening,  etc. 

8.5 

September  1967  — 

(SCA  Review) 

1.0 

Estimated  End  Cost 

at  Award 

80.3 

It  should  be  noted  from  the  above,  that  approximately  70  percent 
($10.3  million)  of  the  actual  cost  growth  at  delivery  ($14.3  million) 
was  apparent  at  the  award  date. 

(3)  The  Independent  Government  Estimate  Was  $4.4  Million 
Less  Than  The  Negotiated  Contract  Price 

Estimates  dated  4 March  1968  projected  that  each  of  the  FY 
1967  submarines  in  a four-ship  buy  would  cost  $34,066,000  (ship- 
builder's price)  while  the  negotiated  contract  price  of  25  June  1968 
totalled  $38,500,000.  Details  with  respect  to  these  projected  costs 
follow: 
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Item 

Independent 
Gov't.  Est. 

Awarded 

Contract 

Estimate 
Over/  (Under) 
Award 

Direct  Labor  Hours 

3,908,600 

3,492,975 

415,625 

Direct  Labor  Dollars 

$13,271,000 

$13,925,297 

$ (654,297) 

Direct  Material  Dollars 

10,060,000 

8,693,770 

1,366,230 

Overhead 

(68.5%)  9,091,000  (93. 5%)  13,023,687 

(3,932,687) 

Total  Construction 

$32,422,000 

$35,642,754 

$(3,220,754) 

Profit 

(5 . 07%)  1 , 644 , 000  (8 . 02%)  2,857,246 

(1,213,246 

Total  Projected  Cost/SF 

iip  $34,066,000 

$38,500,000 

$(4,434,000) 

The  factors  which  appear  to  have  affected  this  estimate  result 
from  the  underestimating  of  overhead  percentages,  direct  labor  wages, 
and  profit.  The  basis  for  the  Government's  independent  estimate  was 
stated  as  the  "average  labor  hours,  labor  rates,  material  costs,  over- 
head percentages  and  profit  from  prior  year  SSN  procurements".  In 
the  case  of  Electric  Boat  and  other  shipyards  heavily  engaged  in  Navy 
work,  closer  estimates  of  wages  and  overhead  could  be  developed  if 
a more  thorough  analysis  of  audit,  progress  payment,  and  similar  data 
was  made.  From  data  in  the  preceding  table,  differences  of  15  per- 
cent in  wage  rate  assumption  and  of  30  percent  in  assumed  overhead 
dollars  can  be  derived  as  shown  by  the  following  calculations. 
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Independent 
Govt.  Est. 


Awarded 

Contract 


Direct  Labor  Dollars  $1 3,271  ,000  _ ? $1 3,925,297 

Direct  Labor  Hours  3,908,600  1 ^ 3,492,975  ' 

$3,987 

-3.395  $3,987 

0.592  0.592  14'8  ° 


Overhead  Difference  $3,932,687  _ „0 

Overhead  Awarded  Contract  13,023,687  0 


(4)  A Contract  Was  Awarded  To  General  Dynamics  For  Con- 
struction Of  Four  Ships 


The  contract  for  the  construction  of  the  U.S.S.  ARCHERFISH 
(SSN  678)  and  three  sister  ships  to  be  delivered  beginning  with  SSN 
678  scheduled  for  1 April  1972,  and  at  four  month  intervals  thereafter, 
was  awarded  to  General  Dynamics  - Electric  Boat  Division  on  25  June 
1968.  It  was  a fixed  price  incentive  type  contract  and  can  be  detailed 
on  the  following  terms. 


Target  Cost 
Target  Profit 
Target  Price 
Ceiling  Price 


TOTAL 

$138,300,000 

$ 15,700,000 

$154,000,000 

$178,214,000 


PER  SHIP 
$34,575,000 

$ 3,925,000 

$38,500,000 

$44,553,500 


The  contract  contained  an  incentive  for  early  delivery  which 
provided  a "bonus"  of  $10  thousand  for  each  calendar  day  in  advance 
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of  the  current  contract  delivery  date.  This  incentive  was  eventually 
paid  on  the  SSN  678  in  the  maximum  permitted  amount  of  $1  million. 
Table  E.37  outlines  key  events  over  the  procurement. 


TABLE  E.37 

SSN  678  MASTER  SCHEDULE 


Event 

Start  Construction 
Keel 

Engine  Room  Erected 
Main  Turbine  Alignment 
Launch 

Preliminary  Hot  Ops  Started 
Final  Hot  Ops  Started 
Dock  Trials  Started 
Acceptance  Trials 
Delivery 


Percent 


Date 

Comph 

1 2/05/68 

_ 

06/19/69 

11.9 

] 2/16/69 

24.3 

1 1/07/70 

73.8 

01/16/71 

82.6 

03/21/71 

— 

06/03/71 

94.6 

09/06/71 

— 

1 2/07/71 

— 

12/23/71 

100.0 

Note:  Contractual  delivery  date  had  been  extended  from 
1 April  1972  to  30  August  1972  due  to  allowable 
delays.  Bonus  therefore  computed  on  August  1972 
date. 


During  the  construction  period  reprogramming  shown  in  the 
August  1968  SCA  Report  made  available  additional  “plan  money" 
totalling  $4.1  million  and  additional  "basic  construction  money" 
amounting  to  $2.3  million.  No  further  major  changes  to  funding 
were  surfaced  which  would  be  solely  related  to  the  hull-lengthening 
nor  have  any  significant  problem  areas  been  found  regarding  these 
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plons  ond  revisions.  This  is  substantiated  by  the  foot  that  oli  four  sub- 
marines were  delivered  in  advonce  of  their  respective  controct  delivery 
dotes. 

(5)  Despite  A 151  Doy  Extension  Of  The  Controct  Delivery 

Date  (From  1 April  1972  To  30  August  1972),  The  SSN 

678  Delivered  In  Advonce  Of  The  Originol  Date 

The  contractor  requested  via  letters  dated  31  December  1968 
and  24  June  1969,  that  an  extension  of  151  doys  (from  1 April  1972 
to  30  August  1972)  be  granted  in  order  to  allow  for  excusable  delays. 
These  included  63  days  for  delay  resulting  from  o strike  of  the  Metal 
Trades  Union  and  88  days  due  to  non-receipt  of  Government  Furnished 
Material.  Despite  the  ollowance  of  these  excusable  deloys  by  the 
Government,  the  originol  delivery  schedule  was  not  jeopardized  and, 
in  foct,  was  bettered  for  all  four  ships  built  by  Generol  Dynamics  - 
Electric  Boat  in  this  series,  as  seen  in  Table  E.38. 

TABLE  E.38 

FY  1967  SHIP  DELIVERIES 

Scheduled  Actuol 

Hull  No.  Delivery  Dote  Delivery  Dote 


678 

04/01/72 

12/23/71 

679 

08/01/72 

05/05/72 

681 

12/01/72 

09/01/72 

684 

05/31/74 

04/05/73 

The  early  delivery  incentive  appears,  in  this  case,  to  have 
contributed  the  motivation  to  complete  the  construction  of  these  ships 
ahead  of  schedule,  thereby  negating  the  probable  cost  growth  which 
could  have  been  reasonably  anticipated  due  to  the  claimed  magnitude 
of  the  delay.  The  progress  evident  in  this  instance,  an  average  of 
just  under  50  months  for  the  four  FY  1967  ships  from  award  to  delivery, 
is  particularly  noteworthy  when  compared  to  that  exhibited  for  other 
ships  of  this  class  constructed  in  both  private  and  public  yards  — in 
some  cases  four  extra  years  were  required  to  effect  delivery. 

The  following  table  shows  the  range  of  building  period  ex- 
perienced by  the  SSN  637  Class. 


TABLE  E.39 
BUILDING  PERIODS 


Months  No.  of  Ships* 


Less  than  50  8 

50-  62  13 

63-  74  8 

75-  86  5 

87-  98  2 


* Less  POGY 
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(6)  ARCHERFISH  Experienced  Minimal  Cost  Growth  After 
Contract  Award 


The  ARCHERFISH  shows  a net  cost  growth  of  $14.3  million 
(to  $84.3  million)  over  the  originally  authorized  $70.0  million,  in- 
cluding the  $7.0  million  incurred  at  contract  award.  However, 
tracking  shows  that  before  considering  several  costs  which  fell  below 
budgeted  amounts,  thus  negating  some  of  the  increase,  cost  growth 
in  the  plans  and  basic  construction  categories  at  delivery  totalled 
$19.9  million.  Of  this,  nearly  $9.2  million  was  required  for  con- 
struction plan  changes  associated  with  the  hull  lengthening  and  other 
interior  rearrangements.  The  increases  by  cost  category  are: 


TABLE  E.40 


SSN  678  BUDGETED  VERSUS  ACTUAL  END  COST 
(Dollars  in  Millions) 


Original 

End  Cost 

Approved 

At 

Estimate 

Delivery 

Differen 

Plans 

9.2 

9.2 

Basic  Construction 

31.5 

42.2 

10.7 

Change  Orders 

2.5 

1.1 

0.4) 

Electronics 

7.4 

6.8 

(0.6) 

HME 

17.3 

18.5 

1.2 

Post  Delivery 

1.4 

- 

(1.4) 

NAVSEC 

0.4 

- 

(0.4) 

Ordnance 

2.9 

2.2 

(0.7) 

Escalation 

2.4 

4.3 

1.9 

Future  Char.  Changes 

1.9 

- 

(1.9) 

Other 

2.3 

- 

(2.3) 

Total 

70.0 

8473 

14.3 
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As  previously  mentioned,  the  SCA  report  of  August  1968,  indicates 
an  additional  $2.3  million  was  reprogrammed  into  the  basic  construction 
category  and  an  additional  $4.1  million  was  reprogrammed  into  the 
construction  plans  category.  All  or  most  of  these  increases  were  ap- 
parently related  to  hull  lengthening.  The  increases  in  the  plans  and 
basic  construction  categories  are  summarized  in  Table  E.41 . 

TABLE  E.41 

SSN  678  PLANS  AND  BASIC  CONSTRUCTION 
COST  INCREASES 
(Dollars  in  Millions) 


Plans 

Basic 

Construction 

Related  End 
Cost  Estimate 

Congress  Baseline 

- 

31.5 

70.0 

March  1968  SCA 

4.9 

38.2 

75.9 

Delivery 

9.2 

42.2 

84.3 

While  the  record  indicates  that  all  plans  costs  were  charged  to 
the  SSN  678,  the  overall  increase  from  the  originally  quoted  $0.7 
million  to  about  $18  million  which  included  allowances  for  increased 
contractor  labor,  overhead  and  profit  rates  illustrates  the  significant 
impact  upon  estimate  credibility  and  apparent  cost  growth  brought 
about  by  changing  characteristi (^design  subsequent  to  estimate  pre- 
paration. The  scope  of  the  changes  incorporated  into  the  FY  67  ships 
is  shown  on  the  following  page: 

t 
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Hull  lengthening  - 8'  3" 

Space  and  weight  reservations  for 


Acoustic  Information  Gathering  System  (AIGS) 

- Improved  PUFFS  array  and  equipment 

- Satellite  Navigation  System 

. Increased  personnel  accommodations 

. Deep  Submergance  Rescue  Vehicle  capability 

. Periscope  charge 

. Rearrange  ECM  space 

. Update  electronics  suite 

. Stowage  for  expendable  bathythermographs 

. Improved  VHF/UHF/IFF  Systems 

. New  Weapons  Launch  Console  & Switchboard 

. Revised  noise  goals 


Additionally,  from  Table  E.40,  it  can  be  seen  that  GFE  costs 
were  actually  less  than  originally  budgeted,  even  while  supporting 
the  update  of  various  equipments.  The  decrease  in  GFE  funding  re- 
quirements aided  somewhat  in  reducing  cost  growth  in  the  plans  and 
basic  construction  categories.  Escalation  growth  in  the  case  of  the 
SSN  678  amounted  to  $1 .9  million  or  only  13  percent  of  the  total 
dollar  growth. 
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In  summary,  while  some  of  the  cost  growth  can  be  attributed 
to  changing  market  conditions  or  award  delay  and  higher  profit  mar- 
gins, the  majority  of  the  increased  costs  in  basic  construction,  fol- 
lowing analysis  of  available  records,  can  be  traced  to  significant 
changes  which  included  hull  lengthening,  equipment  updating  and 
various  interior  rearrangements  which  could  not  have  been  considered 
by  the  estimator  in  late  1965. 

3.  THE  SSN  678  EXPERIENCED  A POST-AUTHORIZATION  PROGRAM 
GROWTH  OF  APPROXIMATELY  20  PERCENT 


Growth  totalled  $14.3  million  which  included  $1  million  as 
a bonus  for  early  delivery. 

Basic  construction  costs  were  increased  by  characteristic 
changes  approved  after  budget  submission  and  approval. 

Government  estimated  labor,  overhead  and  profit  rates 
were  significantly  lower  than  negotiated. 

GFE  cost  growth  was  negative 

No  factors  such  as  fast-paced  material  escalation,  decline 
in  productivity,  availability  of  potential  builders  or  short- 
ages of  skilled  labor  seemed  to  influence  the  construction 
process. 
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V. 


THE  CASE  STUDY  OF  THE  FFG  7 


This  is  the  third  ship  program  chosen  by  IMA  for  in-depfh  study.  The 
FFG  program  met  the  requirements  set  down  in  the  Interim  Report  for  a case 
study  of  a surface  combatant,  lead  ship,  follow-on  program  of  significant  size 
and  cost  growth  of  such  a magnitude  as  to  warrant  in-depth  research.  Addition- 
ally, the  FFG  program  was  a testing  ground  for  several  important  and  innova- 
tive acquisition-oriented  management  improvements  in  the  Navy. 

The  vantage  point  from  which  the  FFG  program  can  now  be  studied  is 
important.  The  evolution  of  the  ship's  requirement  has  been  documented, 
design  stages  are  substantially  complete,  the  lead  ship  is  about  to  be  delivered 
and,  therefore,  many  of  the  objectives  of  the  program  have  been  realized  or 
missed.  Further,  the  program's  long  production  phase  is  starting  and  limited 
conclusions  can  be  drawn  concerning  future  plans  and  objectives  in  a more 
stable  program  environment.  A detailed  analysis  of  follow  ships  was  not  part 
of  the  contract  requirements. 

It  is  to  be  noted  that  the  designation  of  the  ship  was  changed  from 
Patrol  Frigate  (PF)  to  Guided  Missile  Frigate  (FFG)  in  September  1975.  There- 
fore, in  this  study  we  will  only  use  the  designation  FFG. 
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1 . THE  FFG  7,  FIRST  SHIP  OF  A 74  SHIP  PROGRAM,  SHOWS  SIG- 
NIFICANT COST  GROWTH  WHICH  MAY  BE  EXPLAINED  BY  ITS 
STATUS  AS  A LEAD  SHIP 

The  end  cost  of  the  FFG  7 is  currently  estimated  to  be  $270,100,000 
as  of  the  current  scheduled  December  1977  delivery.  Since  the  budget  ap- 
proved by  Congress  in  1973  for  lead  ship  construction  was  $191,500,000,  a 
cost  growth  of  $78,600,000  has  been  experienced  resulting  in  a percentage 
increase  of  41  percent.  This  growth  is  comprised  of  increases  in  almost  all 
categories  of  cost  with  significant  growth  in  basic  construction  and  GFM 


costs. 


In  addition  to  the  rise  in  costs  on  the  lead  ship,  total  FFG  program 


costs  have  risen  significantly.  The  average  unescalated  unit  cost  per  ship 


has  increased  approximately  55  percent  since  the  approved  development  esti- 


mate. Escalation  alone  has  increased  over  1,100  percent.  Program  size  has 
increased  from  50  to  74  ships  with  construction  continuing  through  FY  1988.  The 


average  escalated  unit  cost  for  each  ship  in  the  FFG  program  is  now  estimated 


at  $187  million.  Total  program  through  1988  now  is  predicted  to  be  $13.8 


billion,  making  it  the  largest  combatant  shipbuilding  program  --  both  in 


number  of  ships  and  planned  expenditures. 


The  following  Table  E.42  tracks  the  evolution  of  cost  estimates  from 


the  early  estimating  thru  the  current  estimates  as  of  April  1977.  The  table 
also  tracks  the  follow  ship  estimates  (unescalated)  thru  April  1977.  The  details 
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of  Hie  estimates  will  be  explained  in  subsequent  sections  of  the  report. 


2.  THE  FFG  PROGRAM  RESPONDS  TO  A REQUIREMENT  FOR  COST 
EFFECTIVE  ESCORTS  TO  REPLACE  AGING  WORLD  WAR  II 
DESTROYERS  BEING  PHASED  OUT 


In  the  late  1960's,  several  trends  were  apparent  which  led  to  decisions 
related  to  Hie  creation  of  a new  escort  ship  class.  The  trends  were: 

. The  declining  inventory  of  World  War  II  destroyers  — the 

majority  of  which  were  over  20  years  old  and  deficient  in 
modern  weaponry. 

. An  increasing  requirement  to  upgrade  the  Anti-Air  Warfare 

(AAW)  and  Anti-Submarine  Warfare  (ASW)  capabilities  for 
protection  of  sea  lines  of  communication . 

. The  need  for  not  only  weapons-capable  platforms  but  numbers 

of  ships  to  "cover"  Hie  water,  increase  visibility  and  bring 
inventory  levels  up  to  more  reasonable  levels  of  risk. 

. The  need  for  a low-cost  ship,  large  numbers  of  which  could 

be  financed  in  a period  of  increasing  demand  on  available 
resources. 

These  trends  and  needs  caused  the  CNO  in  January  1970  to  order  a 
Cost  and  Feasibility  .Study  relative  to  the  development  of  an  escort  type 
ship  design.  Approval  for  conceptual  activities  were  included  in  PBD  ^507 
(December  31,  1970)  and  on  January  1,  1971  the  FFG  Conceptual  Phase  was 
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Assumptions  made  at  the  outset  were  as  follows: 


. Ship  design  would  take  into  account  a $50  million  limitation 

on  cost. 

. Two  designs  would  be  implemented  — one  ASW  and  another, 

AAW  — with  similar  hull  and  operational  characteristics. 

. Total  inventory  would  be  about  50  ships. 

. The  ship  would  be  “austere"  with  extensive  use  of  off-the- 

shelf  items  and  thoroughly  tested  weapons  system. 

The  SHAPM  organization  concluded  in  March  1971  that  a lead  ship 
contract  could  be  awarded  in  1973.  All  plans  were,  therefore,  oriented 
toward  that  goal . 

3.  A NUMBER  OF  MANAGEMENT  TECHNIQUES  WERE  ADOPTED 

DURING  EARLY  PROJECT  PHASES  TO  OPTIMIZE  PERFORMANCE 
AND  MINIMIZE  COSTS 

Plans  to  implement  a program  to  meet  the  stated  mission  requirements 
were  comprehensive  and  ambitious.  The  large  number  of  ships  planned  im- 
plied a degree  of  cost  control,  intensive  management  and  standardization 
that  was  not  common  in  many  other  programs.  Since  various  problems  common 
in  ship  construction  could  be  repeated  in  follow  ships,  a number  of  techniques 
were  adopted  to  eliminate  their  causes  to  the  maximum  extent  possible.  The 
more  important  techniques  implemented  in  the  FFG  program  were  as  follows. 
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. Design-to-Cost 

. Life  Cycle  Costing 

. Lead  Ship/Follow  Shipbuilding  Concept 

. Land-Based  Testing 

. Central  Procurement  of  Designated  Standard  Equipment  Items 

. Industry  Participation  in  Design 

(1)  The  Design-To-Cost  Objective  Has  Been  An  Important 

Management  Tool  In  The  FFG  Program 

In  a budgetary  environment  of  decreasing  real  dollars,  cost 
must  be  considered  a controlling  factor  in  the  development  of  attain- 
able operational  and  combat  characteristics,  inventory  objectives, 
etc.  Cost  effectiveness  in  developing  ships  to  be  procured  in  large 
numbers  is  highly  important,  particularly  when  viewed  with  other 
requirements  such  as  a nuclear  carrier  which  can  absorb  almost  a 
third  of  the  available  ship  procurement  funds.  In  a 74  ship  program, 
therefore,  cost  per  unit  must  be  rigidly  controlled  to  preclude  cost 
overruns  of  major  impact.  The  Design-to-Cost  (DTC)  techinque  used 
in  the  FFG  program  is  summarized  as  follows. 

In  the  conceptual  stages  of  the  program,  a design-to-cost 
goal  is  specified.  This  goal  is  necessarily  established  from  very 
sketchy  engineering  data.  Every  precaution  is  taken  to  ensure  that 
the  goal  doei,  in  fact,  reflect  an  affordable  unit  price  from  a bud- 
getary point  of  view  as  well  as  serving  as  a viable  goal  which  can 
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offer  guidance  to  associated  engineering  activities.  The  development 
of  the  ship  design,  then,  is  a process  of  evaluating  trade-offs  in 
operating  characteristics,  weaponry  and  major  equipment  performance 
in  order  to  produce  the  greatest  capability  for  a given  price  at  or 
within  the  established  cost  goal.  The  ship's  characteristics  having 
been  initially  established,  the  concept  is  firmed  up  and  preliminary 
design  work  is  completed.  At  this  stage,  the  DTC  dollar  target  is 
fixed.  The  DTC  target,  then,  has  the  force  of  a management  direc- 
tive and  can  only  be  exceeded  with  the  concurrence  of  top  level 
management.  The  DTC  target  is  effective  until  the  follow  ships  are 
in  the  production  phase  and  at  which  time  a DTC  dollar  ceiling  is 
specified . 

The  Design-to-Cost  technique  has  its  greatest  impact  during 
the  design  phase,  with  the  lesser  but  important  impact  in  engineering 
phases  and  relatively  little  impact  during  the  production  phase. 

From  a management  point  of  view  DTC  exerts  a constant  pressure  to 
minimize  costs  and  force  cost  consciousness  throughout  a program. 

It  should  be  noted  that  the  fixing  or  freezing  of  the  DTC  goal 
at  a point  too  early  in  development  may  well  create  more  problems 
than  problem  solving.  Unless  the  cost  goal  is  a truly  elastic  figure, 
proper  balance  between  cost  and  capability  may  not  be  forthcoming. 
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(2)  The  Application  Of  Design-To-Cost  In  Early  Development 

Phases  Was  Related  Closely  To  Life  Cycle  Cost  Considerations 


The  overriding  objective  of  DTC  in  the  development  phase  is 
to  minimize  ship  investment  cost.  Beyond  this,  however,  decisions 
must  be  made  which  relate  an  initial  investment  to  cost  consequences 
throughout  the  ship's  life. 

The  life  cycle  cost  techniques  adopted  for  the  FFG  program 
fall  into  the  following  areas: 


Acquisition  cost  - which  involves  reduced  building 
and  growth  margins,  tight  configuration  management, 
and  reduced  test  requirements. 

- Weight  margins  were  limited  by  CNO  imposed 
restrictions. 

- The  following  Table  E. 43  compares  the  FFG 
margins  to  margins  normally  reserved  on  ships 
of  similar  type. 


TABLE  E.  43 
WEIGHT  MARGINS 


Preliminary  and  Ship  System  Design 
Detail  Design 
Building  Margin 

Contract  Mod.  (during  building) 
Government  Furnished  Material 


Total  (percent  light  ship  displacement) 
K.G.  Rise 

Future  Characteristics  Changes 
Accommoda  t i ons 

Service  Life  (%  of  full  load  displacement) 


I 


(%) 

(%) 

Normal 

FFG 

3.0 

1.5 

4.0 

4.0 

1.0 

1.0 

1.25 

1.0 

0.75 

0.5 

10.0% 

8.0% 

.5ft. 

.25  ft 

100  tons 

None 

10.0% 

5.0% 

5.00 

75  tons 
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Manning  - reduction  of  normal  personnel  require- 
ments. 


- Manning  limit  of  185  imposed  (similar  ship's 
manning  normally  250)  which  anticipates 

a savings  of  $500  thousand  per  man  over  the 
ship's  life. 

- Ship  design  predicated  on  efficient  utilization 
of  personnel,  i.e.,  low  maintenance,  cen- 
tralized office  spaces,  decreased  watchkeeping 
requirements,  etc. 

Availability  and  maintainability  - extended  overhaul 
cycle,  on-board  maintenance  improvements. 

Fuel  - Selection  of  low  fuel  rate  systems. 


(3)  A "Fly-Before-Buy"  Concept  Was  Implemented  In  The  FFG 
Program  By  Building  A Lead  Ship  Before  Procuring  Follow 
Ships 


The  FFG  was  a ship  design  that  had  potential  for  a number  of 
production  problems.  A relatively  complex  sensor  and  weapons  suite 
had  to  be  installed  in  a smaller  than  normal  platform.  Additionally, 
to  minimize  production  changes  in  line  with  the  DTC  target,  potential 
engineering  and  producibility  problems  had  to  be  identified  and 

i 

eliminated  during  lead  ship  construction.  Finally,  there  were  the 
problems  associated  with  a relatively  new  propulsion  system  that  was 
being  modified  for  use  on  the  FFG.  For  these  and  other  reasons, 
the  lead  ship  concept  utilizing  a cost  plus  incentive  fee  contract  was 
selected  in  order  to  minimize  the  potential  for  future  cost  and 
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management  problems. 


The  wisdom  of  this  approach  is  borne  out  by  the  experience 
gained  thus  far  in  building  FFG  7.  A large  investment  was  mode  to 
produce  accurate  engineering  drawings  during  the  construction  per- 
iod. Each  engineering  change  was  documented  and  it  is  expected 
that  after  lead  ship  construction  is  complete  a set  of  Navy  validated 
drawings  will  be  available  for  follow  ship  construction.  The  vali- 
dated drawing  concept  is  designed  to  produce  a high  level  of  stand- 
ardization, a firm  engineering  base,  and  feasible  producibility  in  a 
number  of  potential  shipyards.  Builder  risk  is  also  reduced  under 
this  concept. 

Certain  problems  (such  as  those  encountered  with  the  pro- 
pulsion system)  have  occurred  during  lead  ship  construction  which, 
if  encountered  simultaneously  at  different  yards,  could  have  caused 
significant  delay  and  disruption,  with  an  associated  program  cost 
increase.  In  retrospect,  a period  longer  than  the  two  years  between 
lead  ship  completion  and  follow  ship  construction  would  have  been 
preferable.  As  a result  of  lead  ship  construction  delays,  a larger 
than  anticipated  overlap  has  occurred  with  follow  ships  being  built 
prior  to  the  completion  and  testing  of  the  lead  ship. 
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(4)  Land-Bosed  Testing  Has  Been  Used  Extensively  As  A Cost 
Saving  Management  Technique 


Land-based  testing  of  the  FFG  combat  and  propulsion  systems 
have  produced  mixed  results.  The  purpose  of  the  Land-Based  Test 
Site  (LBTS)  was  to  alleviate  integration  and  testing  problems  on  lead 
and  follow  ships,  and  to  accommodate  early  crew  training.  A com- 
bat system  LBTS  was  established  by  Sperry  Rand  at  Islip,  L.I.,  N.Y. 
with  sensors,  fire  control  systems,  gun  and  missile  systems  installed 
in  an  environment  as  close  to  shipboard  conditions  as  possible. 
Integration  of  the  combat  systems  — normally  a major  source  of 
production  problems  — v/as  accomplished  at  the  test  site.  Crew 
training  and  installation  efficiencies  proved  to  be  additional  bene- 
fits derived  from  the  LBTS  concept.  The  major  by-product  of  this 
concept  has  been  a relatively  problem-free  installation  and  integra- 
tion of  the  combat  and  command  control  systems  on  the  lead  ship. 

In  contrast,  the  LM  2500  propulsion  system  LBTS  experience 
has  been  less  successful.  A partial  propulsion  system  was  installed 
at  the  Philadelphia  test  site  — main  engines  and  direct  support 
equipment  — — but  without  control  systems.  While  all  problems  re- 
lated to  the  propulsion  system  were  not  identified  nor  corrected, 
there  were,  however,  considerable  benefits  gained  from  land-based 
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testing,  such  as  training,  endurance  testing,  etc. 


(5)  A System  Of  Central  Procurement  For  A Selected  Number  Of 
Standard  Equipment  Items  Was  Established 


Pursuant  to  standardization  objectives,  the  contract  originally 
specified  some  60  equipment  items  (valves,  pumps,  generators,  etc.) 
as  standard,  for  which  options  for  purchase  were  to  be  arranged  by 
the  lead  ship  contractor.  As  originally  specified,  BIW  was  to  receive 
a bonus  for  favorable  prices  as  measured  by  a predetermined  scale  of 
prices,  the  practice,  however,  was  discontinued  by  mutual  consent 
as  being  too  complicated.  This  general  concept  has  been  successful 
and  provides  an  assurance  of  standardization  benefits  for  follow  ships. 
The  list  of  60  items  has  been  reduced  to  43  in  accord  with  market 
conditions.  These  include  items  such  as  pumps,  propulsion  control 
systems,  generators,  etc.  As  an  adjunct  to  this  central  procurement 
concept  BIW  administers  the  warranty  on  these  stock  items  for  up  to 
six  months  subsequent  to  delivery  to  follow  ship  builders. 

(6)  Normal  Acquisition  Phasing  Was  Modified  To  Allow  Early 

Participation  By  Potential  Builders 

An  initial  goal  in  the  FFG  program  was  to  produce  a ship 
design  which  represented  not  only  the  best  the  Navy  could  develop, 
but  one  which  also  reflected  the  ideas  of  shipbuilders  and  engineering 
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firms  which  might  eventually  participate  in  production  phases.  It 
was  reasoned  that  such  collaboration  in  ship  design  would  produce 
better  quality  design,  increased  producibility,  attract  more  enlighten- 
ed bids  and  thus  ensure  broader  industry  participation  in  follow  ship 
production.  Additionally  this  technique  of  early  shipbuilder  partici- 
pation was  designed  to  encourage,  during  detail  design: 

. More  realistic  estimates  for  basic  construction  by  the 

designated  lead  shipbuilder. 

. An  added  positive  factor  of  having  the  secondary 

design  agent  (follow  shipbuilder)  as  an  alternate 
lead  shipbuilder. 

. Added  incentive  for  the  lead  shipbuilder  to  negotiate 

realistically. 

To  this  end,  a potential  lead  ship  builder  (Bath  Iron  Works 
assisted  by  Gibbs  and  Cox)  was  selected  to  work  with  NAVSEC  to 

devise  a lead  ship  design  baseline  with  appropriate  drawings.  Fur- 
ther, a potential  follow  ship  builder  (Todd  Shipbuilding)  was  put  un- 
der contract  to  devise  ways  of  assuring  producibility  in  a variety  of 
yards. 

Having  summarized  the  techniques  to  be  used  in  ship  devel- 
opment, program  milestones  were  projected  as  follows: 


Release  RFP  for  SSD  11/7* 

NAVSEC  start  SSD  1 1/71 

. Shipbuilder  start  SSD  02/72 

Start  LLT  GFE  buys  06/72 

. Start  Detail  Design  06/72 

. Delivery  lead  ship  12/76 

. Delivery  first  follow  ship  04/78 

. Delivery  last  follow  ship  04/82 


This  schedule  assumed  that  the  lead  ship  could  be  constructed  in  32 
months,  follow  ships  in  24  months,  and  further  that  three  yards  would 
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each  build  four  ships  per  year  with  a resultant  overall  delivery  rate 
of  one  ship  per  month  . 

An  equally  important  activity  during  the  pre-implementation 
period  was  the  preparation  of  early  FFG  estimates  which  lead  to  the 
budget  estimates  submitted  during  the  last  quarter  of  1971  . 


4.  EARLY  FFG  ESTIMATING  WAS  INITIATED  BY  A CNO  REQUEST 
FOR  COST  AND  FEASIBILITY  STUDIES 


The  significant  chronological  events  involving  the  development  and 
submission  of  these  estimates  commencing  with  the  early  requests  for  small 
escort  design  and  configuration  options  through  the  approved  estimates  are 
as  follows: 


TABLE  E.44 


SUMMARY  OF  EARLY  ESTIMATE  EVENTS 


DATE 


EVENT 


January  1970 


September  1970 


December  1970 


January  1971 


Begin  review  of  escort  design  and  configuration 
options 

CNO  Request  for  Cost  and  Feasibility  Study  for 
new  patrol  escort  ship 

Results  of  initial  feasibility  and  cost  studies  issued 
costs  to  be  limited  to  $50  million  per  ship. 

Presentation  to  CNO  of  various  alternatives  con- 
firming general  feasibility  of  Patrol  Escort  in  the 
$40-50 M range,  (for  follow  ships). 
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TABLE  E.44 
(continued) 

DATE 

EVENT 

March  1971 

Concept  Design  phase  approved  for  Patrol  Frigate 
(FFG) 

March/April  1971 

Propulsion  System  studies  completed  with  a deci- 
sion far  a gas  turbine  system.  Trade-offs  between 
additional  cruise  engines,  and  single  vs.  twin 
shaft. 

Studies  conducted  concurrently  on  the  initial 
ASW/AAW  weapon  candidates.  SHAPM  repart 
indicating  feasibility  af  lead  ship  award  in 

FY  1973. 

April/May  1971 

CNO  and  CNO  Executive  Board  presented  the 
results  af  cast,  effectiveness,  and  feasibility 
studies. 

May  1971 

CNO  selected  characteristics  far  basic  ship.  The 
fallow  ship  cost  increased  from  the  January  12 
cast  af  $33. 8M  ta  the  April  29  cast  af  $45. 6M, 
including  the  decision  ta  have  a single  shaft 
propulsion  system.  (See  Table  E.46.) 

Late  May  1971 

CNO  modified  FFG  Characteristics  for  LAMPS, 
Sanar,  Ota-Melara  Gun.  (See  Table  E.45.) 

June  1971 

Preliminary  design  commenced.  Concept  Explora- 
tion report  issued  with  lead  and  fallow  ship  "F" 
estimates  of  $185.1  million  and  $49.2  million, 
respectively.  Decision  made  to  have  single  ship 
platform  vice  one  AAW  and  one  ASW  ship  platform 

August  1971 

Conceptual  design  estimate  far  the  lead  ship  re- 
vised to  "D"  estimate. 

September  1971 

Lead  ship  estimate  forwarded  to  NAVCOMPT  as 
class  "D"  at  $204  million  subsequently  reduced  by 
NAVCOMPT  ta  $196.9  million. 
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TABLE  E.  44 
(continued) 


DATE  EVENT 

October  1971  OSD  submission  from  NAVCOMPT  of  $196.9 

million  for  lead  ship 

January  1972  OSD  revised  submission  and  approved  Congressional 

budget  estimate  of  $191  .5  million  for  lead  ship. 

The  following  Table  E.45  is  a summary  of  the  evolution  of  major 
characteristics  changes  for  the  lead  ship.  The  information  following  the 
Table  presents  the  details  in  the  evolution  of  characteristics. 

(1)  The  Guided  Missile  Frigate  (FFG)  Trade-Off  Studies  Con- 
ducted  In  Early  1971  Included  Several  Hundred  Alternate 
Ship  Configurations 

The  trade-off  studies  utilized  a standard  basic  ASW  and  AAW 
ship  platform  and  conducted  trade-off  studies  for  various  propulsion 
and  weapon  and  electronic  suites.  With  the  various  suite  alternatives 
the  lead  ship  cost  estimates  ranged  from  $121  million  to  $147  million. 
The  estimates  for  follow  ships  ranged  from  $34  to  $47  million  per  ship. 

The  AAW  trade-offs  included  suite  variations  with  cost 
estimates  for  lead  ship  between  $138  and  $146  million,  and  follow 
ship  estimates  between  $47  and  $54  million. 
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TABLE  E.46 
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3)  Target  Cost 


(2)  Studies  On  The  Vorious  Sonors,  Radars,  Propulsion  Systems, 

And  Weapon  Suites  Were  Completed 

As  cost  data  and  ship  feasibility  studies  progressed,  it  became 
apparent  that  the  weapon  suite  would  be  a major  decision  — hoving 
the  largest  impact  on  ship's  size  and  cost.  The  weapon  combinations 
tested  were  based  on  various  threots  ond  ship  missions. 

The  final  weapon  suite  analysis  narrowed  to  three  ASW  and 
two  AAW  suites  for  the  ASW  version  of  the  FFG  and  to  three  ASW 
and  four  AAW  suites  for  the  AAW  version  of  the  FFG. 

(3)  In  Moy  1971,  The  CNO  Approved  A Single  Ship  Plotform 

For  The  Escort  (FFG)  Program" 

While  conducting  the  cost  and  feasibility  studies,  it  became 
apparent  that  a "single"  ship  to  perform  both  missions  was  possible. 

In  April  the  ship  characteristics  for  olternative  ASW  ond  AAW  ships, 
os  well  as  thot  for  a common  ASW/AAW  ship,  were  presented  for 
opproval.  These  final  recommendations  were  o result  of  hundreds 
of  computer  feasibility  studies.  As  o result  of  this  briefing  and  others 
which  followed,  the  CNO  selected  the  ship  characteristics  in  Moy 
1971,  based  on  a common  ASW/AAW  ship  (see  Table  E.4£).  The 
officiol  mission  statement  from  OPNAVwos  issued  at  o later  date. 
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5„  THE  CONCEPT  EXPLORATION  REPORT  OF  JULY  1971  ESTAB- 
LISHED TARGETS  FOR  LEAD  AND  FOLLOW  SHIP  COSTS  AT 
$185.1  MILLION  AND  $49.2  MILLION,  RESPECTIVELY 

Target  costs  were  established  based  on  an  FFG  "single  ship  platform," 
thus  eliminating  the  ASW/AAW  separate  ship  concept.  The  estimates  were 
Class  UF”  based  on  a 50  ship  acquisition  program  with  lead  ship  award 
planned  for  1973. 

The  FFG  Concept  Exploration  Report  documented  major  decisions 
made  during  the  six  month  Conceptual  Phase.  It  highlighted  program  ob- 
jectives of  minimizing  size  and  cost  of  the  ship  consistent  with  mission 
requirements,  estimating  resource  requirements  accurately  and  production  of 
the  ship  at  or  below  published  targets.  Further  in  the  way  of  objectives, 
the  Guided  Missile  Frigate's  mission  was  stated  as  "effectively  supplementing 
existing  and  planned  ASW  and  AAW  escorts  in  protection  of  amphibious 
forces,  underway  replenishment  groups,  and  military  or  mercantile  convoys 
against  air,  surface  or  subsurface  threats.  " 

6.  DURING  THE  PRELIMINARY  DESIGN  PHASE,  BUDGET  ESTIMATES 
OF  $191 .5  MILLION  AND  $47.2  MILLION  FOR  LEAD  AND 
FOLLOW  SHIPS  RESPECTIVELY  WERE  SUBMITTED  TO  CONGRESS 


During  June  of  1971  technical  engineering  activities  were  begun  by 
NAVSEC.  Payload  characteristics  and  operational  specifications  had  been 
promulgated  by  CNO  in  early  May  which  paved  the  way  for  the  preliminary 


design  phase.  The  objective  during  preliminary  design  was  to  produce  a 
Functional  Baseline  (FBL)  for  the  ship  which  could  be  utilized  by  the  Navy 
and  shipbuilding  firms  in  the  further  development  of  ship  system  design.  An 
RFP  for  ship  system  design  activities  was  prepared  for  this  purpose  and  release 
to  the  industry  was  planned  to  coincide  with  completion  of  the  FBL.  During 
this  preliminary  phase  (July  1971  to  December  1971),  budget  figures  were 
submitted  for  the  FY  1973  program  year. 

(1)  Pressure  Began  In  August  1971  To  Develop  A Class  "D" 

Estimate  For  The  Lead  And  Follow  Ships  To  Coincide  With 

Expected  Completion  Of  Preliminary  Design  In  September 

1971 


NAVSEA  01 G 1 was  requested  to  provide  the  FFG  SHAPM 
with  a list  of  information  needed  to  update  the  FFG  estimate  to  class 
"D."  The  following  information  was  requested. 

. Details  on  ship  systems  engineering 

. Details  on  contractor  test  and  evaluation 

. Method  of  procurement,  scheduling  details 

. Propulsion  plant  test  site  and  command/control 

estimates 

. Requirements  for  combat  system  integration  and 

configuration  training 

(2)  The  Class  "D"  Budget  Estimate  Sent  To  NAVCOMPT  In 

September  1971  Estimated  Lead  Ship  Cost  To  Be  $204  Million 


The  NAVSEA  estimate  of  $204  million  for  lead  ship  construc- 
tion was  immediately  adjusted  downward  by  $7.1  million  after  initial 


NAVCOMPT  review  and  a revised  budget  estimate  of  $196.9  million 
was  resubmitted  by  NAVSEA.  The  reduction  was  accompanied  by  a 
reprogramming  of  FY  1972  funds  involving  the  MK  92  FCS,  Oto- 
Melara  35  mm  Gun,  MK  13  Launcher,  SQQ  23  Sonar  and  the 
H/M/E  hot  plant,  so  that  design  and  development  activities  could 
commence  at  any  early  date. 

(3)  The  Budget  Estimate  Submitted  To  OSD  Was  Subsequently 

Reduced  To  $191 .5  Million 

The  budget  estimate  for  the  FFG  lead  ship  as  submitted  by 
NAVCOMPT  to  OSD  was,  in  three  separate  Program  Budget  Decisions 
(PBDs),  reduced  from  $196.9  million  to  $191 .5  million.  The  net  $5.4 
million  reduction  was  effected  in  the  following  areas. 


TABLE  E.47 

EFFECT  OF  FFG  LEAD  SHIP  PBDs 


Item 


Amount 
( $ in  millions) 


Reason 


FFG  Advance  Design 

-10.0 

Universal  Hot  Plant 

+ 8.3 

(PSLBTS) 

Escalation 

- 3.7 

Net  -5.4 


Reprogramming  of  FY  72 
RDT&E  funds 

Disallowed  OPNAV  funding 
in  FY  73;  changed  to  SCN  funding 

Navy  required  to  utilize  OSD 
approved  BLS  projections  for 
the  previous  year  instead  of 
NAVCOMPT's  projections 
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Therefore,  as  a result  of  these  decisions,  the  lead  ship  was 
estimated  at  $191 .5  million  and  the  average  price  of  a follow  ship 
(originally  scheduled  for  award  in  FY  1975)  was  $47.2  million.  The 
$191 .5  million  lead  ship  estimate  included  the  construction  of  the 
lead  ship,  detail  design  and  lead  ship  central  procurement  activities. 

The  key  components  of  the  estimate  submitted  to  the  Congress 
were  as  follows: 


Major  categories 


Plans $63.2  million 

Basic  Construction  . . 39.8 

Ordnance 38.0 

Escalation 6.2 

Change  Orders  ....  2.0 

Electronics 8.8 


Propulsion 910 

H/M/E 6.79 

Other 19.9 

PM  Growth 5.9 


Plans  at  $63.2  million  were  uncommonly  high  because 
design  and  engineering  during  construction  of  the 
lead  ship  was  to  be  intensive.  Changes  were  apt  to 
be  higher  than  normal  and  activities  related  to  vali- 
dated drawings  would  continue  until  contract  trials 
were  complete. 


Basic  Construction  was  estimated  as  $39,800,000  and 
was  comprised  of: 


Labor  man-hours 
Labor  dollars 
Overhead  dollars 
Material  dollars 
Profit  and  weight  margins 


1,568,247 
$ 6,747,384 
$ 4,858,116 
$22,629,331 
$ 5,608,963 
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The  original  NAVSEA  01  G estimates  for  basic  con- 
struction rose  from  $25.1  to  $39.8  million  when  the 
propulsion  system  was  designated  CFE  vice  GFE  and 
costs  were  transferred  from  H/M/E  (GFE)  into  basic 
construction.  The  propulsion  equipment  for  the  land- 
based  test  site  was  also  included  in  the  higher  basic 
construction  estimate.  The  addition  to  material  costs 
for  the  LM  2500  and  other  items  such  as  reduction 
gears,  CRP  propeller,  and  start-up  costs  totalled 
$14.7  million. 

The  ordnance  estimate  of  $38.0  million  included  the 
fo I lowing : 


Number 

Est.  Cost 

(000' s of 
Dollars) 

— 

MK  13  GMLS 

1 

5,350 

- 

MK  32  Torpedo  Tubes 

2 

85 

“ 

MK  92  (w/CWI  and  SPG- 
60  STIR) 

1 

11,550 

- 

MK  309  Control  Panel 

1 

100 

- 

LAMPS  (one  5H-2D  Helo) 

- 

- 

— 

HARPOON  Dedicated 
Controls 

“ 

100 

- 

35  mm  Oto  Melara  Gun 

1 

9,530 

Also  included  in  the  Congressional  submission  were 
estimates  for  electronics  as  follows: 


Number 

Estimated 

of  Units 

Cost 

(000 's  of 

Dollars) 

- 

AN/S  PS  49 

1 

825 

- 

AN/S  PS  55 

1 

86 

- 

SQQ  23  (PAIR) 

1 

2,477 

- 

WLR  8 

1 

550 

- 

TACTLASS  (space/weight) 

1 

- 

- 

NIXIE 

1 

200 
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Escalation  in  the  Congressional  submission  was  re- 
duced significantly  from  $9.9  to  $6.2  million,  a 
drop  of  $3.7  million.  The  escalation  percentage  of 
the  lead  ship  end  cost  was  budgeted  at  3.2  percent 
as  compared  with  the  original  feasibility  studies 
which  utilized  a five  percent  rate. 


The  Functional  Baseline  for  the  ship  was  completed  at  the 
beginning  of  December  1971  and  the  RFP  released,  thus  ending  the 
preliminary  design  phase. 


(4)  The  Follow  Ship  Cost  Estimate  Associated  With  The  Congres- 

sional  Submission  For  The  FY  73  Lead  Ship  Was  $47.2  Million 

The  follow  ships  were  to  be  included  in  the  FY  1975  budget, 
at  which  time  it  was  planned  that  follow  ship  estimates  would  be 
budget  quality  and  based  on  lead  ship  experience,  maturity  and 
validation  of  design,  as  well  as  shipbuilder  participation  in  design 
and  planning.  The  main  unknowns  in  the  follow  ship  estimates  con- 
cerned potential  changes  in  the  combat  systems,  i.e.,  the  devel- 
opment of  LAMPS  I to  LAMPS  Hi;  MK  92/D  FCS  and  Oto  Melara 
"Americanization;"  and  HARPOON  development/integration. 


The  labor  man-hours  for  basic  construction  in  the 
follow  ship  estimate  was  1,159,278.  This  figure 
was  almost  409,000  man-hours  less  than  the  lead  ship 
estimate.  Additionally,  the  material  estimates  on 
the  follow  ships  were  almost  $14  million  less  than  the 
lead  ship.  A large  portion  of  this  difference  is 
attributed  to  the  additional  propulsion  costs  added  to 
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the  lead  ship  as  CFE.  Total  basic  construction 
estimate  for  the  follow  ships  was  $26.7  million. 


. The  ordnance  estimate  for  follow  ships  was  $8.6 

million. 

. Escalation  projections  are  based  on  a factor  of  4.7 

percent  of  the  ship's  target  price  which  is  somewhat 
less  than  in  early  feasibility  estimates. 

. The  profit  percentage  remained  at  10  percent  on  the 

follow  ship  estimates  vice  12  percent  on  lead  ship. 

It  is  interesting  to  note  that  the  FY  1975  follow  ship  costs 
estimates  as  of  April,  1977  have  risen  to  $134.5  million.  Of  this 
amount,  $25.2  million  is  for  ordnance,  and  $54.9  million  is  attrib- 
uted to  increases  in  basic  construction.  Escalation  budgeted  is  $18.5 
million;  which  amounts  to  13.8  percent  of  total  ship  estimate. 

7.  THE  PRE-PRODUCTION  AND  DESIGN  PHASE  BEGAN  EARLY  IN 

1972  AFTER  BUDGET  SUBMISSION  AND  HAS  PROGRESSED  TO  THE 
POINT  OF  90  PERCENT  COMPLETION  ON  LEAD  SHIP  CON- 
STRUCTION^ 

Common  practice  in  the  Navy  calls  for  contract  design  to  be  devel- 
oped by  NAVSEC,  with  the  final  product  being  an  Allocated  Baseline  on 
which  contractors  can  bid  for  award  of  a construction  contract.  In  the  case 
of  the  FFG,  an  attempt  was  made  to  produce  a ship  design  which  represented 
not  only  the  best  the  Navy  could  develop,  but  which  also  reflected  ideas  of 
shipbuilders  and  engineering  firms  that  would  eventually  participate  in 

i 

production  phases. 
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An  RFP  for  Ship  System  Design  (SSD)  participation  was  sent  to  a 
number  of  shipbuilders.  While  responses  were  being  prepared  NAVSEC  began 
activities  directed  toward  preparation  of  an  Allocated  Baseline.  Four  ship- 
yards submitted  bids,  with  the  Bath  Iron  Works  and  Todd  Shipyards  bids  being 
accepted.  Two  shipyards  submitted  bids  which,  in  the  opinion  of  the  Navy, 
were  too  high.  Bath  Iron  Works  was  awarded  a CPFF  (Cost  Plus  Fixed  Fee) 
contract  for  $3.15  million  as  the  primary  design  agent  and  potential  lead 
shipbuilder.  Todd  Shipyard  was  awarded  a contract  to  review  the  lead  ship 
baseline  for  $1 .78  million  and  was  considered  to  be  a potential  follow  ship- 
builder. 


The  following  outlines  the  growth  which  took  place  in  the  SSD 
contract: 

TABLE  E.  48 

CONTRACTOR  costs 

(militant  ot  doiiors) 


S ip  System  Design  Support 
Both  Iron  Works  • 4/12/72 


initio! 

Contract 

Price 

Current  Price 
Torget  Ceiling 

Price 
Cont.  Est 

©f  Completion 

Govt.  Est. 

Comments 

Dote  of  SAf 

3.15 

14.9 

N/A 

14.8 

14.8 

Modifications  to  increase  scope  ore  planned 

03/73 

3.75 

26. B 

N/A 

26. B 

26. B 

S12.0  million  increase  for  planned  procure* 
ment  of  got  turbines,  propulsion  system 

IBIS,  initial  detoil  design  under  this  contract 

06/73 

3.15 

3.6 

N/A 

3.6 

3.6 

Modifies  5/1/73  stort  detoil  design  un*Il 
combined  CPFF/CPI=  contract  for  detoil  design 
ond  contraction  signed  10/73 

12/73 

E-153 


t 


Three  different  organizations  then,  were  participating  in  the  Ship 
System  Design  as  of  April  1972:  NAVSEC,  Bath  Iron  Works  (supported  by 
Gibbs  and  Cox)  and  Todd. 

During  the  Ship  System  Design  Phase,  preliminary  plans  were  made  for 
major  ship  systems  testing  which  included  Combat  System  and  Propulsion  System 
Land-Based  Test  Sites. 

In  addition  to  the  test  site  plans,  other  necessary  planning  documents 
were  issued: 


. Test  and  Evaluation  Plan  (February  1972) 

. Operational  Manning  Plan  (June  1972) 

. Combat  System  Management  Plan  (June  1972) 

. Computer  Software  Management  Plan  (August  1972) 

. ILS  and  Training  Plans  (October  1972) 


The  information  published  in  these  documents,  along  with  the  progress  on  the 
Ship  System  Design,  allowed  the  Top  Level  Specification  (TLS)  to  be  prom- 
ulgated in  October  1972  with  new  characteristics  approved  by  CNO  during 
the  same  month . 

I 

These  actions  completed  preparations  for  a DSARC  review  scheduled 
for  August  1972. 
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8. 


A SUCCESSFUL  DSARC  I AND  II  REVIEW  HELD  IN  AUGUST  1972 
SET  THE  STAGE  FOR  THE  SIGNING  OF  A DETAIL  DESIGN  AND 


LEAD  SHIP  CONSTRUCTION  CONTRACT 

In  normal  acquisition  procedure,  DSARC  I is  held  to  review  program 
concept  and  approve  proceeding  with  preliminary  design;  DSARC  II  deter- 
mines whether  to  proceed  with  full  scale  development  and  specifically,  con- 
tract design.  In  the  case  of  the  FFG  program,  DSARC  I and  II  were  com- 
bined. An  independent  cost  estimate  was  prepared  by  OP  96  for  the  combined 
DSARC  meeting  scheduled  for  August  1972  and  determined  that  cost  pro- 
jections for  the  lead  ship  and  follow  flights  were  reasonable  and  within 
acceptable  risk.  Program  plans  were  approved  and  acting  on  the  DSARC 
recommendations,  DEPSECDEF  (in  September  1972)  authorized  a 56  ship 
program,  lead  ship  construction  and  land-based  test  site  development. 
Immediate  negotiations  were  begun  with  Bath  Iron  Works  for  detail  design 
and  construction  of  the  lead  ship. 

In  December,  the  Preliminary  Allocated  Baseline  (PABL)  was  com- 
pleted. The  PABL,  prepared  largely  by  NAVSEC  with  Bath  Iron  Works' 
participation,  was  sent  to  Todd  for  a thorough  review.  In  February,  Todd 
submitted  some  230  improvement  recommendations.  These  recommendations, 
where  appropriate,  were  incorporated  into  the  Preliminary  Lead  Ship  Allo- 
cated Baseline  (LSABL)  and  in  April,  the  specifications  and  contract  drawings 
for  construction  of  the  lead  ship  were  signed. 
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The  RFP  for  lead  ship  construction  was  released  in  May  1973.  In 
June,  Bath  Iron  Works  submitted  its  bid.  Negotiations  continued  until  Octo- 


ber when  a contract  was  signed  end  included  the  following  two  tasks: 


Detail  design  and  activities  leading  up  to  Validated  Follow 
Ship  Drawings,  lead  ship  planning,  special  studies  and 
procurement  of  propulsion  system  for  lead  ship  and  LBTS; 
task  awarded  for  542,914,000  under  Cost  Plus  Fixed  Fee. 

Construction  of  the  lead  ship  and  central  procurement  of 
certain  standard  items  for  the  lead  ship;  awarded  for 
$49,500,000  under  Cost  Plus  Incentive  Fee. 


Table  E.49  summarizes  the  contract  price  growth  since  October 
1973.  As  is  seen,  the  majority  of  growth  is  due  to  engineering  changes  and 
change  orders. 


Ces*gn  and  leod  Ship 
Construction 
loth  Iron  Wo/*i  - 10/73 


TABLE  E.49 

CCNTSACTCS  costs 

^millions  at  wiwi) 


mticl 

Ca-*rccr 

5'»CS 

Cu^#nt  Prict 

Torgtt 

Pric« 

Conf . 5sf . 

Comcle»*an 

Govt.  -if. 

Ccmf.cnts 

92.5 

*2.5 

N/A 

92.5 

92.5 

4 

92.5 

98.1 

N/A 

98.1 

98.1 

Chonge  orders  including  the  addition  of  a fourth 

1000  KW  ship's  service  dieioi  generotor 

92.5 

97.?^ 

N/A 

m.o^ 

109.5<3> 

i 

(1) ieduccd  cost  changes  during  nf-il  design; 

(2)  connoetor  furnished  mafcnot  cost  increases; 

(3)  lower  Novy  material  estimates  bused  on 
contractor  commi  rment  to  ante 

92.5 

99.3 

n/a 

112.4 

119.9 

Engineering  eronges  during  detoil  design  develop. 

92.5 

106.3 

N/A 

121.4 

130.1 

Engineering  changes  during  de'otl  casino,  aoairionol 
work  task  assignments,  drawing  vaiiooiiont 

92.5 

103.4 

N/A 

M9.I 

129.3 

Engineering  changes  during  detail  design 

92.5 

113.6 

N/A 

130.-5 

130.5 

Engineering  charges  and  six  month  delay  ’n 
contract  delivery  aate 

92.5 

122.5 

N/A 

133.5 

133.5 

Engineertng  changes,  projected  cost  growrh 

92.5 

122.9 

N/A 

137.9 

137.9 

Engineering  changes  and  cost  growth 

e a f 
12/73 

06/74 

12/74 

06/73 

12'7j 

06.76 


Dehail  design  began  at  Bath  subsequent  to  completion  of  the  Ship 
System  Design  phase  which  provided  a Lead  Ship  Allocated  Baseline.  The 
objective  was  to  proceed  from  the  Lead  Ship  Allocated  Baseline  and  associ- 
ated specifications  and  drawings  to  arrive  at  a guide  to  build  the  lead  and 
follow  ships.  To  assure  that  the  drawings  would,  in  fact,  represent  the  as- 
designed/as-built  conditions,  great  pains  were  taken  to  update  drawings  at 
each  change  and  prior  to  performance  of  any  shop  or  yard  work.  All  work 
on  the  lead  ship  was  to  be  from  as-built  drawings  thus  providing  a high  degree 
of  assurance  that  the  validated  drawing  concept  would  operate  successfully 
by  eliminating  most  of  the  usual  drawing  "bugs.  " 

9.  THE  DETAIL  DESIGN  AND  CONSTRUCTION  PERIOD  FOR  THE 
LEAD  SHIP  CAN  BE  CHARACTERIZED  BY  NUMEROUS  ENGIN- 
EERING  CHANGES,  CHANGE  ORDERS,  AND  DESIGN  CHANGES 

Problems  surfaced  early  in  the  program  and  resulted  in  a six  month 
slippage  of  the  lead  ship  delivery  date  and  subsequently  contributed  in  part 
to  increase  in  the  detail  design  contract.  The  March  1977  Estimate  at  Com- 
pletion for  the  FFG  7 was  revised  upward  to  $63.8  million,  a $21  million 
increase. 

Various  reasons  are  given  for  this  cost  increase: 

. The  design  subcontractor,  Gibbs  and  Cox,  contract  cost 

increased  by  over  $10  million  because  of  the  following: 
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- Defective  specifications  and  information  from 
NAVSEC  resulted  in  inaccurate  information  being 
sent  to  vendors. 

- Additional  manpower  and  hours  were  required  to  make 
up  schedule  slippage  on  vendor  procurement. 

- Delays  in  drawings  occurred  due  to  the  factors  above 
as  well  as  required  engineering  changes. 

The  validated  drawings  concept  has  proved  beneficial  but 

additional  time  was  required  for  implementation. 

- Extra  time  and  delays  were  expended  in  the  approval 
and  documentation  of  changes. 

- Extra  time  was  required  to  prepare  and  incorporate 
revision  notices  into  design  drawings. 

A large  number  of  paper  changes  surfaced  during  lead  ship 

construction. 

Slippage  in  CFE  purchase  order  schedules. 


Some  of  these  early  design  changes  included  modifications  to  the 
firefighting  system,  fresh  water  piping,  ballasting  system,  etc.  Other  changes 
such  as  the  following  were  also  incorporated  into  the  design: 


Revision  of  lead  ship  specifications  for  compliance  with 
revised  rules  of  the  road  - 1972 

Modify  design  due  to  change  in  GFE  (AN/V/SC-3  SATCOM 
Transceiver) 

Change  in  intermediate  GFI  for  HARPOON 

CRP  instrumentation 

Revised  validation  requirements 
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. Special  studies 

. LM  2500  documentation 

. Modifications  due  to  change  in  intermediate  GFI  for  SQS-56 

sonars  and  AN/S  PS  49  radars 

During  lead  ship  construction  many  cost  drivers  were  identified: 

. Labor  overruns  caused  by  labor  hour  increases  in  ships 

assembly  and  integration  engineering  (complex  ship/small 
hull) 

. Increased  material  costs  driven  by  increased  reliability 

assurance  requirements  giving  rise  to  the  view  that  the  ship 
is  "gold-plated"  and  not  austere  because  of  reliability 
requirements. 

. Propulsion  system  at  the  LBTS  required  numerous  engineering 

changes  with  attendant  cost  increases  and  delays. 

. Late  GFM  at  the  Combat  System  Land-Based  Test  Site  and 

increased  GFM  testing  have  been  factors  of  delay  and  cost 
increases  in  the  construction  of  the  FFG  7,  mainly  in  the 
case  of  the  AN/S  PS  49  Radar,  5Q  S 56  Sonar,  and  MK  92 
FCS . 


As  previously  mentioned,  a number  of  cost  significant  engineering 
changes  were  made  during  lead  ship  construction.  The  original  estimates  (at 
OPNAV's  direction)  made  no  provisions  for  future  characteristics  changes. 
Consistent  with  design-to-cost  criteria,  growth  margins  were  held  at  minimum 
levels.  However,  after  the  start  of  lead  ship  construction  several  changes 
were  identified  and  determined  as  essential.  These  changes  included  the 
following: 
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. A fourth  diesel  generator 

. A fifth  fire  pump 

. Additional  computer  memory  modules 

. Additional  longitudinal  bulkheads  below  the  second 

deck  to  damper  vibration 

. Space  and  weight  provisions  for  fin  stabilizers 

None  of  these  items  could  have  been  included  in  the  NAVSEA  01  G 
estimates  unless  design-to-cost  criteria  had  been  updated  earlier. 

Other  major  modifications  during  the  construction  phase  can  be 
attributed  largely  to  the  fact  that  the  FFG  7 was  a lead  ship  of  a very  large 
class  and  thus  in  some  respects  considered  a prototype.  A listing  of  signifi- 
cant modifications  follows: 

. Ships  firefighting  capability  had  to  be  redesigned 

. MK  13  GMLS  control  room  had  to  be  rearranged 

. Missile  fire  control  systems  were  modified 

. Lead  ship  design  revisions  to  reflect  fresh  water  piping, 

drainage,  and  ballasting  system  changes 

. Rearrangement  of  the  combat  information  center  to  conform 

to  that  developed  by  Gibbs  and  Cox  for  the  follow  ships 

. Modify  full  scale  pilot  house  mock-up  - Ship  control 

control  relocation  - pilot  house  rearrangement 

I 

. Modify  helicopter  handling,  servicing  and  storage  facilities 
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. Propeller  shaft  changes 

. Deletion  of  torsion  meter 

. Installation  of  MK  27  gyro  compass 

The  net  result  of  these  changes  has  been  a delivery  delay  of  at  least 

nine  months,  with  an  associated  estimated  increase  in  cost  of  construction 
and  design  of  approximately  $39  million. 

The  following  table  reflects  the  contract  modifications  negotiated 
related  to  the  detail  design  activities  and  construction  of  the  lead  ship: 

TABLE  E.50 

HMR'S/FMR'S 

SUMMARY 


Total  Modifications  (According  to  Dollar  Value) 


Indiviudal  Mods 

Number  of  Mods 

CPFF 

CPIF 

Total 

>1M 

6 

$10,914,856 

$ 4,922,747 

$15,837,603 

>500  K 

7 

1,101,213 

2,293,418 

3,394,631 

>100K 

23 

2,725,968 

1,367,575 

4,093,543 

36 

$14,742,037 

$ 8,583,740 

$23,32 5,777 

<100K 

327* 

11,154,810 

2,229,524 

13,384,334 

Total  Changes  Recorded 

$25,896,847 

$10,813,264 

$36,710,111 

Increases  in  Contract  Price  Estimate 

$20. 9M 

$18. 3M 

$39. 2M 

at  Completion 

* Of  the  327  other  contract  modifications  (as  of  April  1977),  only 
109  involved  changes  in  dollar  amounts  according  to  SupShip  Bath. 


SOURCE:  SupShips  Bath 
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AN  ANALYSIS  OF  DETAIL  DESIGN  AND  BASIC  CONSTRUCTION 
ESTIMATES  VERSUS  ACTUAL  COSTS  NEAR  COMPLETION  OF  THE 
LEAD  SHIP  SHOWS  SIGNIFICANT  DIFFERENCES 

The  (April  1977)  estimated  contract  price  at  completion  for  FFG  7 is 
approximately  $67.8  million.  Compared  to  the  approved  budget  estimate, 
$39.8  million,  for  basic  construction  (based  on  updated  NAV5EA  01  G esti- 
mates) dated  January  1972,  estimate  at  completion  (EAC)  for  basic  construc- 
tion (contract  price)  shows  a 70  percent  cost  growth. 


A more  detailed  analysis  of  these  increases  in  basic  construction 
since  the  approved  Congressional  budget  estimate  shows  the  following: 


The  estimated  labor-hours  for  basic  construction  were  exceeded 
by  April  1977  when  the  lead  ship  was  approximately  77  per- 
cent complete. 

The  original  estimate  by  SEA  01  G,  approximately  1 .56 
million  labor  hours,  is  expected  to  be  exceeded  at  ship 
completion  by  over  1 .4  million  labor-hours,  a 91  percent 
labor-hour  growth. 

The  two  major  basic  construction  areas  underestimated  were 
Integration  (Design)  Engineering  and  Ship  Assembly  (Con- 
struction Services).  This  is  due  in  part,  to  faulty  information 
and  engineering  data  provided  estimators  during  early  phases. 
Figure  E.9  shows  In  bar  graph  form,  a comparison  of  the 
SEA  01  G estimate  and  actual  return  costs  thru  March  1977. 
Return  costs  for  some  areas  of  basic  construction,  i.e., 
auxiliary  systems,  command  and  control  are,  thus,  far  less  than 
original  estimates.  But  since  estimated  total  basic  construc- 
tion labor-hours  have  already  been  exceeded,  it  should  be 
noted  that  labor-hour  overruns  have  occurred  in  the  areas 
of  integration  engineering  (design  engineering)  and  ship 
assembly  (construction  services). 
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FIGURE  E.9 
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Integration  Engineering  estimates  have  been  ex- 
ceeded thus  far  by  174  thousand  labor-hours,  a 104 
percent  labor-hour  growth.  The  Ship  Assembly 
estimates  have  been  exceeded  thus  far  by  420,000 
labor-hours  or  153  percent. 

As  of  April  1977,  the  basic  construction  categories  of  Command 
and  Control,  Auxiliary  Systems  and  Armament  were  signifi- 
cantly under  the  original  estimates. 

- Command  and  Control  were  estimated  at  200,938 
labor-hours  by  SEA  01 G while  current  return  costs 
show  only  43,192  labor-hours  expended  thus  far; 

79  percent  under  the  original  estimate. 

- Auxiliary  Systems  return  costs  are  99,000  labor-hours 
below  estimates.  The  original  estimate  was  274,275 
labor-hours  and  actual  costs  thus  far  have  been 
175,275  labor-hours. 

- Armament  estimates  thus  far  are  approximately  28,000 
labor-hours  too  high  (01  G estimate  of  40,000  labor- 
hours  versus  12,000  labor-hours  return  costs).  The 
original  BIW  bid  estimate  for  armament  was  close  to 
30,000  labor-hours,  which  is  18,000  labor-hours 
above  current  return  costs. 


Labor  rates  were  also  underestimated  with  the  result  that  the  increased  . 
labor-hours  plus  increased  rates  account  for  the  significant  labor  dollar  in- 
crease. NAVSEA  01  G based  their  lead  ship  labor  estimates  on  a rate  of 
$4. 30/hour.  Bath  Iron  Works  projected  a labor  rate  through  completion  of 
construction  to  be  over  $6/hour.  Labor  rates,  therefore,  were  under-estimated 
by  almost  44  percent.  Labor  rates  were  increased  at  Bath  Iron  Works  during 
lead  ship  construction.  Available  data  does  not  indicate  that  the  Navy 
estimate  made  any  provisions  for  possible  labor  rate  increases  or  was  there 
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any  data  explaining  the  use  of  the  $4. 30/hour  figure. 


The  following  bar  graph  is  a comparison  of  NAVSEA  01  G material 
estimates  versus  the  return  cost  data  for  material  through  March  1977. 

. EACs  for  total  material  costs  of  $28.7  million  (based  on  82 

percent  complete)  versus  NAVSEA  01 G estimates  of  $22.6 
million  show  a difference  of  $6.1  million  — a 27  percent 
overrun. 

. The  initial  bid  by  BIW  estimated  total  material  costs  at 

approximately  $23  million.  The  BIW  figure  was  not  exceeded 
until  the  contract  was  approximately  50  percent  complete. 

. A major  portion  of  the  material  cost  overrun  occurred  in  the 

auxiliary  systems.  The  NAVSEA  01  G estimate  was  approxi- 
mately $2.1  million  and  return  costs  through  March  1977 
exceeded  $6.4  million,  a $4.3  million  overrun. 

. The  propulsion  material  costs  under  both  the  CPFF  and  CPIF 

contracts  are  less  than  the  original  estimates  by  approximately 
$3.6  million  according  to  return  cost  data  thru  March  1977. 


Further  analysis  of  return  cost  data  shows  overhead  costs  of  $10.3 
million  through  March  1977,  whereas  NAVSEA  01  G estimated  $4.8  million 
for  overhead  costs.  The  April  1977  EAC  projects  overhead  costs  to  exceed 
$17.1  million.  Thus,  there  could  be  a 252  percent  cost  growth  in  overhead 
dollars. 


The  overhead  estimates  were  very  low  in  the  cost  categories  of  inte- 
gration engineering  (design  engineering)  and  ship  assembly  (construction 
services),  as  shown  in  Figure  E.11 . It  is  noted  that  the  same  two  categories 
were  cost  drivers  in  the  labor-hour  growth  which  was  discussed  previously. 


> i 
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11.  IN  ADDITION  TC  3 AS  1C  CONSTRUCTION  COST  GROWTH,  THE 
GROWTH  IN  GOVERNMENT  FURNISHED  MATERIAL  COSTS  WAS 
SUBSTANTIAL 

The  largest  single  cost  increase  in  GFM  occurred  in  the  area  of  Hull, 
Mechanical  and  Electrical  in  1973  when  estimates  increased  from  $6.8 
million  to  $29.7  million.  The  majority  of  this  increase  is  attributed  to  test 
and  instrumentation  costs  incurred  at  the  propulsion  system  land-based  test 
site.  This  included  design,  construction,  hardware  installation,  and  test. 

The  majority  of  the  remaining  increases  to  present  budget  estimates  is  also 
in  a large  part  due  to  additional  test  and  instrumentation  costs  at  both  land- 
based  test  sites  (i . e . , $13.6  million). 

In  May  1972  the  CNO  promulgated  several  changes  to  the  approved 
ship's  characteristics  as  summarized  below: 

. Operate  and  support  two  vies  one  LAMPS  helicopters 

. 76  mm  Oto-Melara  Gun  vice  35  mm  gun 

. SQS-5C5  Sonar  vice  SQQ  23  Sonar,  later  chcnged  to 

the  SQS  56  Sonar 

Other  than  these  changes,  the  weapon  and  sensor  characteristics 
have  remained  relatively  stable.  It  would  appear,  however,  that  the  magni- 
tude of  testing  costs  were  not  foreseen  in  the  original  estimates.  Equipment 
hardware  costs  and  related  software  and  testing  costs  heve  also  increased,  as 
shown  in  the  following  tables.  (Table  E.51  and  Tabie  E.52.) 
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TABLE  E.51 


HARDWARE  COST  INCREASES 
(Millions  of  Dollars) 


Equipment 

Designation 

Budget 

Estimate 

a/m  _ 

Current 

SPD  Estimate 

Dollar 

Difference 

Percent 

Difference 

Reasons  for  Change 

MK-92  Mod. 2 

Fire  Control  System 
with  STIR 

11 .5  for  one 
15.7  for  two 

for  two 

3.8® 

24® 

1 LBTS  System  ($4.2M), 
additional  GFE, 

IN  CO  spares,  systems 
engineering,  console 
modifications,  refurbish 
to  "as  new  condition", 
portion  of  reliaoility 
testing. 

MK-13  GMLS 

• 

5.4  for  one 

6.3 
for  one 

S 

0.9 

17 

Low  estimates  due  to 
smaller  initial  quantity 
(one)  buy  than  antici- 
pated originally  (50). 

AN/SPS-49  Radar 

0.825  for  one 

s 1.6 
for  one 

0.775 

94 

Low  estimates-,  una'efine 
cost  growth,  engineerin 
services,  contract 
increase  to  ceiling  prici 

HARPOON  Command 
and  Launch  Sub- 
system ^ ) 

0.100  for 

one 

0.963 

for  one 

0.863 

863 

Originally  low  estim- 
ates, poorly  defined 
initial  requirements, 
escalation . 

AN/SQS-56  Sonar 

1.5® 

2.3 

o 

CO 

t 

53 

Additional  testing  or 
equipment  modifications 
low  estimates. 

No  documentation  available  to  support  changes. 
■ ' Planning  estimates 

(3)  Includes  procurement  of  two  MK  92  systems. 
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TABLE  E .52 


SOFTWARE  AND  TESTING  COSTS 
' Dollars  in  Mi  1 1 ions) 


Equipment 

Designation 

Date  of  Increase 

Amount 
of  Increase 

Reason  for  Increase 

MK-92  FCS 

late  1975 

2.1 

Reliability  and  qualification 
testing 

1976 

1.3 

Computer  program  support 

end  engineering  change  proposals 

MK-13  GMIS 

since  1973 

0.019 

RMA  testing 

late  1975 
and  1976 

1.6 

Engineering  support,  strike 
impact,  increase  in  scope,  i.e., 
heat  exchanges,  spares,  etc.; 
blast  test  vehicle,  MK  60  testing 

AN/S  PS-49 

Radar 

After  1973 

0.65 

Deficiency  correction , i.e., 
receiver  noise,  memory  cards. 

Total  5.7 

1 

additional  operational  testing, 
drawing  revisions 

It  should  be  notea  that  the  FFG  SHAPM  originally  reauested  Research 
end  Development  funds  to  finance  the  additional  testing  and  reliability  re- 
quirements for  such  items  as  the  MK  92  Fire  Control  System,  AN/SQS  56 
Sonar  and  AN/SPS  49  Radar.  Research  and  Development  (R&D)  funds  were 
also  requested  for  the  land-based  test  sites  on  the  basis  that  they  were  a form 
of  research  and  development.  The  request  for  R&D  funding  was  not  approved 
with  the  result  thet  c great  deal  of  the  testing  wes  necessarily  charged  to 
lead  ship  construction  — in  amounts  not  provided  for  in  the  original  estimate. 
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Additionally,  the  cost  growth  experienced  in  the  GFM  area  is  not 
defined  in  much  detail  prior  to  1975.  Up  until  this  time,  the  monitor  on 
GFM  cost  increases  was  not  stringent  and  detailed  explanations  for  additional 
funds  were  not  required. 

(1)  The  Navy  Compromised  One  Of  Its  Conceptual  Parameters 

For  The  FFG  By  Selecting  The  MK  92  FCS  And  SQS  56  Sonar 

During  the  conceptual  phase  in  January  1971  a decision  was 
made  to  make  the  FFG  an  "austere"  ship,  using  wherever  possible 
off-the-shelf  items  and  only  thoroughly  tested  weapons  systems.  In 
support  of  this  concept,  the  original  FFG  plan  called  for  the  MK  87 
FCS  (CWI  with  STIR)  or  the  MK  74  Fire  Control  System.  The  MK  92 
FCS  had  recently  been  "Americanized"  and  installed  on  the  PHM, 
but  had  not  yet  been  service  tested. 

Three  Sonars  were  reviewed  as  candidates  for  FFG  installation. 
The  SQS  505  was  refected  because  of  high  cost  and  failure  to  meet 
performance  specifications.  The  SQQ  23,  a logical  candidate,  was 
ultimately  rejected  because  of  high  costs.  The  SQS  56,  a modified 
version  of  Raytheon's  commercially  developed  DE-1160  Sonar,  even 
though  not  thoroughly  tested,  was  selected  because  of  its  availability 
and  favorable  cost.  The  SQS  56  has  experienced  numerous  problems, 
which  include  false  detections,  a detection  distortion  apparently 
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caused  by  a faulty  dome  and  a range  shortfall.  As  of  July  1977  the 
SQS  56  was  still  not  ready  to  be  installed  on  the  FFG  7. 

12.  THE  FOLLOW  SHIP  CONSTRUCTION  PHASE  HAS  BEGUN  AND 
PROGRAM  OPTIMISM  IS  SHARED  BY  ALL  BUILDERS 

The  problems  of  lead  ship  construction,  drawing  validation,  etc., 
would  appear  to  have  been  worthwhile.  Complete  (but  still  changing) 
engineering  drawings  are  in  the  hands  of  the  follow  ship  contractors.  The 
basic  construction  baseline  would  seem  to  be  solid,  with  current  changes 
restricted  to  final  outfitting  activities.  The  cooperation  exhibited  during 
the  SSD  phase  continues.  Todd  Shipyards  has  assigned  management  and 
engineering  personnel  at  BIW  to  monitor  construction  activities,  and 
generally,  both  BIW  and  Todd  share  the  view  that  the  follow  ship  program 
should  be  profitable  to  their  companies.  It  is  too  early  to  get  sufficient 
data  which  would  confirm  or  dispute  these  views.  If  further  engineering  and 
GFM  changes  are  minimized,  early  project  objectives  can  be  realized. 

The  FFG  7 is  currently  scheduled  for  delivery  during  December  1977. 
The  propulsion  system  continues  to  experience  problems,  along  with  the 

t 

sonar  which  will  not  be  completely  installed  upon  delivery.  Validated 
Drawing  activities  continue  to  have  high  priority  since  follow  ship  production 
is  underway  and  engineering  changes  are  still  required. 
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One  area  of  risk  would  seem  to  be  a potential  for  further  problems. 
The  delays  experienced  during  lead  ship  construction  have  caused  lead  ship 
trials  to  be  scheduled  for  early  to  middle  1978.  Completion  of  Validated 
Drawings  cannot  take  place,  therefore,  before  early  1979,  some  12  to  18 
months  prior  to  projected  delivery  of  nine  follow  ships.  If  trials  go  smoothly 
and  no  serious  changes  are  forthcoming,  no  further  delays  are  expected. 

On  the  other  hand,  if  changes  are  required,  a potential  for  cost  overruns 
on  these  first  nine  follow  ships  may  exist. 

13.  GROWTH  IN  TOTAL  PROGRAM  COST  REFLECTS  AN  INCREASED 

UNIT  PRICE  PER  SHIP,  AN  INCREASED  INVENTORY  REQUIREMENT 
AND  ESCALATION 

In  late  1972  during  FFG  7 budget  reviews  within  the  Navy,  the  pro- 
jected total  program  costs  for  the  50  ship  buy  was  $2,717,400,000.  The 
FY  1978  budget  shows  a total  program  cost  of  $13,793,400,000  an  increase 
of  about  400  percent.  Table  E.53  tabulates  this  growth. 

The  first  element  of  this  increase  is  the  growth  in  unit  production 
cost  per  ship.  Under  the  Design-to-Cost  discipline,  unit  production  costs 
are  maintained  in  constant  dollars.  As  engineering  changes  take  place, 
applicable  cost  differences  are  applied  in  constant  dollars  so  that  the  DTC 
goals  or  targets  are  maintained  and  remain  visible. 
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The  Conceptual  Report  In  July  1971  specified  a Design-to-cost  goal 
based  on  engineering  data  then  available.  Early  program  activities  dealt 
with  the  process  of  evaluating  trade-offs  in  operating  characteristics, 
weaponry  and  major  equipment  to  produce  an  acceptable  capability  for  a 
cost  at  or  under  the  cost  goal.  When  the  preliminary  design  was  completed, 
a new  DTC  target  was  fixed.  Once  the  single  ship  platform  was  selected  and 
initial  characteristics  were  approved,  DTC  goals  were  subsequently  identified 
each  time  a major  engineering  or  project  change  took  place. 


A summary  of  the  major  changes  follows: 


TABLE  E. 54 

FFG  DESIGN-TO-COST  TARGETS  FOR  FOLLOW  SHIPS 


(End  Cost) 

1973  Dollars 

Milestone  ( in  millions) 

Original  Goal  — December  1970  50.0 

Conceptual  Baseline  Goal  — July  1971  49.2 

Functional  Baseline  Target — August  1972  45.7 

Updated  Target  — October  1973  47.7 

Updated  Target  (DSARC  III)  — June  1976  71 .3 


The  difference  between  an  important  DTC  goal  — functional  base- 
line — of  $45.7  million  and  the  lead  ship  baseline  target  of  $71 .3  million, 
a $25.6  million  increase,  has  been  explained  by  project  officials  as  follows. 
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TABLE  E.55 


FFG  RECONCILIATION  OF  DTC  TARGET 


Functional  Baseline  Goal  (1973  Constant  Dollars) 
Changes 


$45. 7M 


es 

$ M 

Engineering 

1.8 

7 

Estimating  (GF^/CFE) 

5.9 

23 

Characteristics  and  I^M^A 

1.3 

5 

Market  Factors 

8.5 

33 

Revised  Procurement 

2.0 

7 

Revised  Outlay  Rates 

3.0 

11 

Adjustment  for  Small  Buy 

3.1 

12 

Total 

25.6 

New  Design- to- Cost  Goal  (1973  Constant  Dollars) 


$71 . 3M 


By  removing  the  adjustment  for  small  buys,  which  is  not  pertinent  if 
the  proposed  procurement  plan  is  followed,  the  new  DTC  goal  would  equate 
to  $68.3  million,  an  increase  of  37  percent. 

Although  an  increase  of  37  percent  would  appear  on  the  surface  to  be 
large,  it  must  be  understood  that  the  increase  is  computed  from  an  arbitrary 
goal  which  was  established  during  engineering  and  prototype  phases.  In  that 
time,  many  trade-offs  and  changes  were  made  in  order  to  maintain  cost  goals. 
Project  officials  have  expressed  the  opinion  that  without  the  use  of  DTC 
techniques,  the  average  follow  ship  cost  might  be  considerably  higher. 

A second  major  element  of  cost  growth  Is  attributed  to  the  increase 
in  program  size.  The  original  inventory  target  was  50  ships.  This  number  has 
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changed  several  times  and  now  is  planned  at  74.  The  24  ship  increase 
extended  the  program  for  at  least  two  full  years.  The  unescalated  cost  of  these 
ships  is  now  estimated  at  $1 .6  billion. 

The  third  and  largest  component  of  cost  growth  is  escalation.  Prior 
to  approval  of  the  development  estimate,  escalation  estimates  were  averaging 
approximately  5.8  percent  of  total  program  cost.  The  approved  development 
estimate  for  escalation  was  established  at  $624.1  million  which  amounted  to 
19  percent  of  total  program  costs  as  of  June  1974. 

Escalation  increased  substantial ly  with  the  June  1974  "current  esti- 
mate" and  showed  further  increases  through  March  1977.  It  then  represented 
57  percent  of  total  program  costs.  Table  E.56  tracks  escalation  increases  to 
March  1977. 

Figure  E.ll  summarizes  program  cost  growth  in  major  cost  categories 
over  the  program  life  through  March  1977. 

14.  IN  SUMMARY,  FFG  PROGRAM  TRACKING  HAS  IDENTIFIED  PROB- 
LEMS IN  THE  AREAS  OF  COST  ESTIMATING  AND  MANAGEMENT 
STRATEGIES 

Although  it  is  very  early  in  the  total  FFG  program,  findings  and  con- 
clusions which  are  based  mainly  on  lead  ship  experience  are  of  sufficient 
importance  to  warrant  comment  relative  to  cost  estimating  and  project 
strategies. 
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(1)  Escalation  development  estimate  of  S624.  I million  established. 

(2)  The  increase  of  S83I.7  mill  ian  in  this  quarter  did  not  appear 
in  escalation  to*al  unnl  June  1975, 


DOLLAR  VALUES  INlfTlLLIONS 


FIGURE  E.  12 

GUIDED  MISSILE  PATROL  FRIGATE 
DOLLAR  GROWTH  OF  THE 
MAJOR  PROGRAM  CATEGORIES 
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With  regard  to  cost  estimating  and  financial  management 


Current  (April  1977)  end  cost  estimatme  projects  a cost  growth 
from  the  original  estimate  of  41  percent. 

The  major  contributors  to  cost  growth  by  category  are:  basic 
construction,  change  orders,  hull/mechanical/electrical, 
ordnance,  and  escalation. 

Using  the  initial  budget  estimates  and  the  Bath  Iron  Works 
estimate  at  completion,  basic  construction  cost  growth 
(FFG  7)  will  exceed  70  percent. 

Analysis  of  basic  construction  cost  growth  reveals  the 
following : 

- Labor-hours  — budget  estimates  exceeded  by  at 
least  91  percent;  largely  in  the  cost  areas  of  inte- 
gration engineering  and  ship  assembly. 

- Labor  dollars  — exceeded  by  175  percent. 

- Labor  rates  — budget  estimates  exceeded  by  approxi- 
mately 44  percent. 

- Material  dollars  — budget  estimates  exceeded  by 
27  percent. 

- Overhead  dollars  — budget  estimate  exceeded  by 
over  252  percent. 

Numerous  change  orders  (HMRs/FMRs)  during  basic  construc- 
tion are  expected  to  be  responsible  for  over  $18  million  in 
cost  growth . The  37  percent  increase  includes  changes  such 
as  the  addition  of  a fourth  diesel  generator,  a fifth  fire  pump, 
longitudinal  bulkheads,  and  a redesigned  fire  fighting 
capability,  etc. 

The  area  of  H/M/E  experienced  significant  cost  growth  — a 
$36  million  increase. 

$23  million  was  due  to  additional  test  and  instrumen- 
tation at  the  propulsion  system  LBTS . 
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Lead  FFG  costs  are  high  partly  due  to  cost  charges 
(including  testing)  for  the  propulsion  and  combat 
system  LBTS.  Since  the  follow  ships  will  benefit 
from  these  test  sites,  their  costs  might  properly  be 
amortized  over  the  entire  program  to  reflect  a more 
just  situation. 

The  ordnance  cost  category  has  experienced  a growth  of  al- 
most $14  million  or  36  percent  thus  far. 

- Major  increases  are  in  weapon  and  sensor  hardware 

costs: 


MK  92  FCS 24% 

MK  13  GMLS 17 

AN/S  PS  49  Radar  ...  94 
HARPOON  Command 
and  Launch  Subsystem  863 
SQS  56  Sonar 53 


- Reasons  for  these  increases  were  not  well  documented 
but  included  such  things  as  1)  LBTS  equipment; 

2)  additional  spares;  3)  low  estimates;  4)  engin- 
eering services;  5)  additional  GFE;  6)  poorly 
defined  initial  requirements;  7)  escalation. 

- Additional  software  and  testing  costs  have  thus  far 
resulted  in  large  increases  in  weapon  and  sensor 
costs  totalling  almost  $6  million. 

Denial  of  R&D  funds  for  the  additional  testing  and  modifi- 
cations to  such  items  as  the  MK  92  FCS  and  AN/SQS  56 

Sonar  contributed  to  cost  growth . 

Estimates  for  detail  design  have  proven  reasonable. 

- Based  solely  on  budget  estimates  detail  design  costs 
will  be  $6.4  million  under  the  original  budget 
estimate. 

- The  cost  growth  between  the  contract  price  and 
current  (April  1977)  Bath  Iron  Works  end  cost  estimate 
at  completion  is  $20.9  million. 
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- Changes  caused  by  defective  NAVSEC  specifications, 
validated  drawing  concept,  changes  in  ship  design 
(engineering  changes),  etc.,  contributed  to  the  cost 
growth . 

Escalation  has  been  a major  factor  of  cost  growth. 

Impact  of  escalation  on  lead  ship  costs  is  difficult  to 
determine  since  escalation  is  included  in  each  cost 
category . 

- Escalation  growth  allowances  on  74  ship  FFG  program 
has  increased  $7.2  billion  since  the  approved  devel- 
opment estimate,  a percentage  increase  of  over  1,100. 


th  regard  to  project  and  management  strategies. 


Design-to-Cost  goals  included  ship  design  austerity,  use  of 
off-the-shelf  items  and  service  tested  weapon  systems.  These 
goals  could  not  be  totally  implemented  in  the  final  lead  ship 
design  because  of  required  characteristic  and  design  changes. 

The  Design-to-Cost  dollar  goal  was  optimistic,  set  too  early 
and  taking  DTC  in  its  strictest  interpretation,  did  not  keep 
design  costs  close  to  initial  goals.  Design-to-Cost  goals  can 
be  self-defeating  if  established  prior  to  a firm  ship  definition. 

The  Design-to-Cost  dollar  goals  established  cost  constraints 
which  exerted  pressure  to  minimize  costs  and  maintain  cost 
consciousness  throughout  a program,  especially  during  the 
conceptual  design  phase. 

The  use  of  land-based  test  sites  promises  to  be  a positive  cost 
control  factor. 

The  use  of  the  validated  drawings  concept  will  be  proven  or 
disproven  as  a cost  control  factor  as  the  construction  of  the 
follow  ships  progress,  but  currently  is  seen  as  a positive 
project  technique. 
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The  use  of  the  central  procurement  (standardization)  con- 
cept may  not  reflect  a positive  cost  control  factor,  but  will 
aid  in  having  standardized  ships  in  a class  and  decrease  life 
cycle  costs  through  a better  availability  of  spares  and  lower 
maintenance  costs. 

The  compression  of  the  time  interval  between  lead  and  follow 
ship  construction  tends  to  lessen  the  positive  cost  control 
aspects  of  the  FFG  acquisition  strategy. 


CHAPTER  VI 


CASE  HISTORIES  — GOVERNMENT  FURNISHED  MATERIAL 


The  end  cost  of  a combatant  ship  generally  includes  a component  of 
at  least  30  percent  for  the  cost  of  Government  Furnished  Material . This  cost 
is  comprised  of  the  basic  procurement  cost  plus  a series  of  installation,  acces- 
sory and  engineering  costs.  The  GFM  supplied  spans  the  spectrum  from  nuclear 
or  conventional  propulsion  to  weapons,  radars,  fire  control  systems,  computers, 
etc. 


Since  GFM  comprises  so  large  a portion  of  the  total  ship  cost,  detailed 
analyses  have  been  performed  on  eight  different  items  of  GFM. 


. AN/SPS-55  Surface  Search  Radar 

. AN/SPS-40  Air  Search  Radar 

. 5*/54  Caliber  Lightweight  Gun  MK  45 

. MK  86  Gun  Fire  Control  System 
AN/SQS-53  Sonar 

. PHALANX  - Close  In  Weapons  System  (CIWS) 

. AN/UYK-7  Digital  Computer 

. LM  2500  Gas  Turbine  Engine 


These  systems  were  reviewed  to  determine  the  accuracy  of  estimates 
for  each  type  of  equipment  and;  if  overruns  occurred,  what  some  of  the  causes 
might  be. 


These  systems  range  from  being  In  the  development  stage  to  having 

\ 

been  procured  under  several  production  contracts  over  a number  of  years. 
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Therefore,  the  amount  of  documentation  covering  early  estimating  that  is 
available  for  review  varies  widely  from  system  to  system.  Moreover,  there 
were  organizational  and  cognizance  changes  which  contributed  to  the  paucity 
of  records  available  for  some  of  the  systems.  Nevertheless,  sufficient  infor- 
mation was  available  to  permit  identification  of  basic  problem  areas  affecting 
the  quality  of  estimates  for  Government  Furnished  Material. 

1 . THE  AN/S  PS-55  IS  A CONVENTIONAL  X-BAND  SEARCH  AND 

NAVIGATIONAL  RADAR  FOR  USE  ABOARD  NAVY  SURFACE  SHIPS 

The  AN/SPS-55  is  a conventional  X-band  search  and  navigational 
radar  for  use  aboard  Navy  surface  ships.  The  overall  characteristics  of  the 
radar  provide  greater  accuracy  for  close-in  navigation  than  the  AN/SPS-10. 
The  requirement  for  the  AN/SPS-55  radar  originated  in  OPNAV  (OP  03)  in 
the  early  part  of  FY  1963.  It  was  not  developed  for  installation  on  a specific 
class  of  ships,  but  rather,  to  take  advantage  of  evolving  technology  which 
included  solid  state  construction  and  higher  frequencies  for  improved  range 
and  reduced  weight.  The  OPNAV/NAVSEA  transaction  was  based  on  an 
informal  request,  rather  than  through  the  Specific  Operational  Requirement 
(SOR)  process. 

The  original  design  was  funded  by  RDT&E  Engineering  Development 
funds  (Budget  Activity  6.4)  in  FY  1963  since  the  required  equipment  was 
essentially  within  the  state  of  the  art  and  risk  was  minimal.  The  capability 


E-185 


required  was  defined  as  being  generally  similar  to  that  of  the  AN/SPS-10 
except  that  the  new  radar  would  operate  in  X-band  rather  than  the  C-band. 
The  development  was  initiated  in  1963  under  a performance  specification  and 
the  original  design  equipment,  produced  by  Raytheon,  was  service  approved 
in  1968.  In  late  1969,  the  decision  to  use  this  radar  on  the  DD  963  class  and 
the  DLGN  38  class  (now  CGN  38)  was  made.  At  this  time,  the  design  was 
reviewed,  the  transmitter  and  receiver  were  combined  into  one  cabinet,  and 
a circuit  involving  suppression  of  clutter  was  removed.  The  design  has  been 
stable  since  and  consists  of: 

. Receiver/Transmitter  RT-1 1 24/SPS-55 

. Antenna  Group  OE-172/SPS-55 

. Antenna  Safety  Switch  SA-1 96  VS  PS-55 

. Radar  Set  Control  C-9447/SPS-55 

Other  equipment  such  as  displays  and  repeaters  are  not  a part  of  the  basic 
AN/SPS-55  system. 

(1)  An  Historical  Track  Of  The  Estimate  Is  Not  Possible  Before 
1972  Because  Of  Lack  Of  Records  And  Inconsistency  IN 
Estimating  Format 

The  earliest  available  cost  estimate  for  the  AN/SPS-55  radar 
amounted  to  $80,000  per  sytfem  for  the  DX  and  DXG  classes  of  ships. 
The  office  provided  the  cost  estimates  was  identified  by  forwarding 
letter  PMS-89  Dty'DXG  serial  number  0214  dated  March  26,  1969 

I 
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(the  DX  became  the  DD  963  and  the  DXG  the  CGN  38)  but  relevant 
fiscal  year  information  was  not  provided.  The  next  estimate  of  $50,000 
per  system  was  included  in  the  FY  71  requirement  list  of  electronics 
(undated)  for  the  LSD  ship  class.  The  above  cost  information  was 
found  in  NAVSEA  01 G ship  files  and  was  used  by  NAVSEA  01 G (then 
NAVSHIPS  05 F)  in  the  budget  process.  These  were  the  only  two  esti- 
mates still  on  record  prior  to  December  1976  which  were  not  generated 
by  NAVSEA  01  G.  They  were  neither  uniform  in  format  nor  broken  down 
into  the  various  cost  categories  such  as  basic  hardware,  engineering, 
spares,  installation  and  technical  manuals.  Therefore,  there  was  no 
basis  for  a cost  analysis. 

This  breakdown  of  information  should  be  found  in  the  AN/SPS- 
55  Radar  files  of  the  project  engineer,  however,  a search  of  those 
files  revealed  no  historical  cost  estimate  data.  The  absence  of  cost 
estimating  documentation  may  be  attributable  to  the  relatively  low 
cost  of  the  system,  now  approximately  $100,000  for  the  hardware;  and 
did  not,  therefore,  require  implementation  of  the  various  directives 
and  instructions  concerning  return  cost  data,  maintenance  of  data 
banks  and  cost  tracking.  No  cost  data  bank  has  been  maintained  by 
the  project  manager  or  other  offices  involved  in  the  radar's  acquisition. 
Rather,  reliance  on  previous  contract  costs  is  standard  operating  pro- 
cedure. 
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The  only  Budget/POM  estimates  which  were  promulgated  by 
the  AN/SPS-55  project  office,  were  forwarded  on  December  28,  1976 
to  SEA  01 G.  The  estimates  were  in  FY  77  and  78  dollars  and  the  unit 
costs  were  as  follows: 


TABLE  E.57 

PROJECT  OFFICE  ESTIMATES  FOR  AN/SPS-55 

(Dollars  in  Thousands) 


FY  77 

FY  78 

Hardware 

$ 99 

$101 

1 & C Spares 

29 

34 

Systems  Engineering  Costs 

9 

13 

SQT  Costs 

5 

Project  Management 

45 

49 

TOTAL 

5 IS? 

5202 

These  estimates  did  not  specify  a ship  or  ship  class  or  the  number  of 
systems  to  be  acquired. 

(2)  The  SEA  01  G Records  Show  A Basic  Hardware  Cost  Growth 
Of  62  Percent  Over  Five  Fiscal  Years 

The  following  Table  E.58  shows  the  NAVSEA  01  G estimates 
on  record  for  the  DD  963,  DE,  CLGN-AEGIS,  PCG,  PGG,  DDG, 
and  CGN  9 classes  of  ships. 

These  figures  provide  a uniform  cost  estimating  history  of  the 
AN/SPS-55  system  since  1972.  Since  the  radar  system  was  well  de- 
fined and  contracting  information  was  readily  available,  the  estimates 
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subsequent  to  1972  In  general  reflect  only  the  annual  mark-ups  for  in- 
flation on  the  previous  year's  estimate.  A lack  of  detailed  data  in 
the  SEA  01 G or  project  office  files  prevents  an  analysis  to  identify 
the  causal  factors  for  increases  in  basic  hardware  (62  percent),  in 
initial  spares  (300  percent),  and  in  design  engineering  services  (1000 
percent).  Although  the  estimate  of  the  total  cost  increased  from 
$74,000  in  FY  73  to  $176,000  in  FY  78  (137  percent),  the  cause  of 
the  increase  was  a cumulative  result  of  increases  In  various  cost  ele- 
ments and  not  a specific  cost  driver.  For  example,  the  basic  hardware 
cost  estimate  increased  from  $65,000  in  FY  73  to  $105,000  in  FY  78 
(62  percent)  or  at  an  approximate  annual  rate  of  10.5  percent,  parallel- 
ing the  average  annual  inflation  rate  of  the  period.  As  evidenced  by 
the  CARDION  contracts  for  $92,000  (1976)  and  $86,256  (1977)  per  set 
(hardware),  the  above  FY  78  hardware  cost  of  $105,000  is  reasonable. 

Of  the  $176,000  total  estimate  for  FY  78  (CGN  9,  DDG)  $41,000  are 
for  non-related  contract  items  such  as  a reserve  for  engineering  changes, 
government  field  engineering  services,  etc.  The  SEA  01 G total  estimates 
made  in  1975  are  therefore,  not  excessive. 

(3)  There  Has  Been  Only  One  Contract  For  The  Radar  System 

Which  Was  Awarded  By  Competitive  Bidding,  While  Sub- 

sequent Contracts  Were  Sole  Source 

Cardion  Electronics,  in  May  1971,  was  awarded  the  first  con- 
tract in  competitive  bidding  (including  Raytheon)  for  36  AN/SPS-55 
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Radars.  The  contract  was  fixed  price  with  the  basic  hardware  costs 
of  $41,800  per  unit  and  the  Installation  and  Checkout  (l&C)  kits  priced 
at  $5,000  per  unit.  These  radars  were  originally  acquired  for  instal- 
lation on  the  DD  963  and  CGN  38  classes  but  those  for  the  CGN  41 
and  42  were  subsequently  diverted  for  the  FFG  7 and  for  use  at  a Navy 
training  site. 

A second  contract  to  Cardion  was  awarded  in  April  1976  as 
sole  source  for  18  radars  under  a Foreign  Military  Sales  Program  (Saudi 
Arabian  Navy).  The  basic  hardware  cost  was  for  $91 ,500  per  unit  and 
the  l&C  spares  were  $6,943  per  kit. 

A third  contract  to  Cardion,  again  cs  sole  source,  was  awarded 
in  mid- June  1977,  for  the  FFG  7 class  and  for  the  CGN  41  and  42.  A 
PMS  399  Memo  of  March  17,  1977  referring  to  the  mid-June  award 
stated  that  "the  proposal  (by  Cardion)  was  at  $93,600  per  unit";  how- 
ever, the  contract  price  was  negotiated  for  $86,256  per  unit  (hardware). 

Detailed  data  was  not  available  for  analysis,  therefore,  it  is 
not  possible  to  identify  the  factors  which  directly  contributed  to  the 
radars'  cost  increase  of  1 19  percent  (approximate  rate  of  24  percent 
per  year)  for  the  five  year  period  between  the  May  1971  and  the  April 
1976  contracts.  The  cost  increase  from  1971  to  the  June  1977  con- 
tract is  106  percent  or  18  percent  per  year.  If  any  conclusion  is  to 
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be  reached  if  would  have  to  cite  the  probable  advantages  of  com- 
petitive vs.  sole  source  bidding  for  contracts,  although  other  factors 
along  with  competitive  bidding  may  have  been  the  reason  for  the  re- 
latively low  cost  of  the  first  acquisition. 

Figure  E.13  compares  the  three  contract  award  prices  with  the 
related  estimates  by  ship  class  and  fiscal  year  designation. 


FIGURE  E.13 
AN/S  PS-55  RADAR 

TREND  IN  BUDGET  ESTIMATES  AND  CONTRACT  AWARD 
PRICES  (BASIC  HARDWARE  ONLY) 


Item 

Description 

Est.  For 

Est.  Date 

FY 

Applicable 

Amount 

Estimated 

Amount 

Contract  Award 

S PS-55 

71 

41 

DD  963 

12/72 

73 

65 

DO  963 

12/72 

74 

70 

DD  963 

12/72 

75 

73 

DE 

06/73. 

75 

74 

CGN* 

06/74 

76 

89 

92 

PCG/ 

PGG 

11/75 

76 

85 

CGN* 

06/75 

77 

100 

86 

t 

CGN  9/ 

DDG 

11/75 

73 

105 

Formerly  DLGN 
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(4)  No  Independent  Cost  Estimates  Are  Presently  Being  Generated 

For  The  Radar;  Specific  Reasons  For  The  Cost  Growth  Can  Not 

Be  Ascertained  Due  To  The  Lack  Of  Documentation 

In  developing  the  cost  history,  we  found  that  records  did  not 
exist  in  any  consistent  manner  prior  to  1972  and  that  the  project  office 
does  not  retain  cost  estimating  information.  This  can  be  attributed  to 
the  fact  that  the  AN/SPS-55  is  a relatively  old  system  and  that  there 
were  documentation  retention  problems  resulting  from  the  relocation 
of  offices,  changes  in  technical  and  administrative  cognizance  and 
records  disposal  efforts.  The  AN/SPS-55's  odyssey  is  noted  here  be- 
cause it  is  typical  of  many  GFM  items  and  has  resulted  in  the  loss  of 
valuable  information.  The  AN/SPS-55  was  developed  by  the  Bureau 
of  Ships  which  became  the  Naval  Ship  Systems  Command  and  cog- 
nizance remained  there  until  1969.  Further,  internal  components  of 
NAVSHIPS  were  split  off  to  establish  the  Naval  Ship  Engineering 
Center  (NAVSEC)  which  was  physically  located  in  Hyattsville,  Mary- 
land and  had  cognizance  of  this  radar.  In  1972  program  management 
responsibility  for  certain  search  radars  including  the  AN/SPS-55  was 
transferred  to  Naval  Ordnance  Systems  Command  (NAVORD)  with  the 
technical  responsibilities  for  the  radar  remaining  in  NAVSEC.  In 

I 

1976,  NAVSEC  was  absorbed  in  the  Naval  Sea  Systems  Command  and 
relocated  to  Virginia.  Research  of  the  available  files  show  that 
technical  records  were  retained  throughout  the  many  office  and  per- 
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sonnel  changes,  but  the  cost  estimate  information  was  evidently  lost 
or  discarded.  After  1972,  the  SEA  01 G records  do  provide  cost  esti- 
mate information.  As  borne  out  by  interviews  and  documents,  these 
estimates  are  simply  the  sum  of  the  previous  year's  estimate  plus  addi- 
tional money  for  expected  cost  increases  over  the  next  year.  None 
of  the  estimates  indicated  the  basis  for  the  cost  increases  other  than 
as  being  the  results  of  the  general  economic  trends. 

(5)  Although  The  Estimating  Process  For  The  AN/SPS-55  Radar 
Is  Not  Very  Structured,  Reasonably  Accurate  Estimates  Do 
Result 

The  organizational  structure  and  staffing  of  the  project  office 
is  not  oriented  for  cost  estimating  the  AN/SPS-55  Radar.  The  tech- 
nical descriptions  of  the  radar  are  good  and  readily  available.  How- 
ever, there  was  no  evidence  of  cost  data  banks  or  return  cost  informa- 
tion upon  which  analogous  cost  estimates  could  be  derived  or  cost 
analyses  made.  What  cost  estimate  information  is  available  is  frag- 
mented throughout  the  SEA  02  contracts,  the  SEA  01 G historical 
Program  Year  and  Ship  files,  and  the  SEA  01  G AN/SPS-55  Radar  files. 

For  relatively  small  and  inexpensive  hardware,  such  as  the 
AN/SPS-55  Radar,  cost  estimating  within  NAVSEA  is  not  a structured 
process.  • Cost  estimating  in  these  cases  is  generally  done  by  contacting 
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the  vendor  or  by  reviewing  past  contract  prices  and  adding  inflation 
factors. 


* * ★ * * 


The  following  is  a summation  of  the  cost  estimating  process  for  the 
AN/SPS-55  Radar. 


Staffing  and  Organizational  Structure  — there  is  none  for 
estimating  the  cost  of  the  AN/SPS-55  Radar  in  the  POM/ 

Budget  process. 

Data  Banks  — no  actual  cost  data  banks  could  be  found  for 
AN/SPS-55  Radar.  Data  could  only  be  found  in  the  various 
NAVSEA  01 G files  and  NAVSEA  02  contract  files  and  the 
data  available  was  neither  organized  nor  consistent  in  format. 

Return  Cost  — none  was  available  other  than  that  provided  by 
the  procurement  contracts. 

Escalation  and  Inflation  Predictions — NAVSEA  01 G appears 
to  be  the  only  office  undertaking  this  function. 

Quality  Versus  Technical  Data  — due  to  the  age  and  level  of 
technology  employed  in  the  radar  design,  the  technical  infor- 
mation available  is  complete  and  accurate.  This  information 
is  not  used,  however,  in  estimating  for  the  radar. 

Estimating  Response  Time  — this  could  not  be  determined  in  any 
detail,  but  as  the  estimates  generated  are  simply  mark-ups  of 
existing  figures,  it  appears  the  time  required  is  minimal. 

Review  Procedures — There  does  not  appear  to  be  any  procedure 
for  reviewing  accuracy  of  cost  estimates  for  the  AN/SPS-55 
Radar. 

Technical  Complexity  of  Estimates  — since  all  estimates  are  the 
result  of  mark-ups  for  inflation  to  the  latest  contract  costs,  com- 
plexity in  the  estimates  is  not  a factor. 

* * i 
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2. 


THE  AN/S  PS- 40  RADAR  DATES  FROM  THE  LATE  1950's  AND  HAS 

EVOLVED  INTO  THREE  DIFFERENT  CONFIGURATIONS  OVER  ITS 
TWENTY  YEAR  HISTORY 

In  response  to  a CNO  operational  requirement  for  a lightweight  air 
search  radar  to  be  installed  on  a destroyer,  the  AN/SPS-40  was  developed 
in  the  late  1950's  and  early  60's.  It  was  submitted  to  technical  evaluation 
and  operational  evaluation  from  September  to  November  1960,  recommended 
for  service  use  in  January  1962  and  approved  for  service  use  by  the  CNO  in 
May  1962. 

The  original  design  employed  vacuum  tube  technology  even  though  it 
was  developing  during  the  transitional  period  when  electronic  equipment  was 
changing  to  solid  state  technology.  During  1964-65  improvements  were  made 
in  the  AN/SPS-40's  design,  including  the  adaptation  to  a broad  transmitter 
chain  requiring  a minimum  of  adjustments,  utilization  of  ultrasonic  disperse 
delay  lines  in  the  pulse  compression  circuitry,  and  incorporation  of  solid  state 
design  into  the  signal  processing  circuits.  The  AN/SPS-40  was  then  designated 
the  AN/SPS-40A.  During  1968-69  the  AN/SPS-40A  was  again  partially  re- 
designed. This  resulted  in  increasing  the  mean  time  between  failures  (MTBF) 
to  200  hours,  decreasing  the  mean  time  to  repair  (MTTR)  to  two  hours,  more 
extensive  use  of  solid  state  circuitry  and  the  addition  of  the  low  flyer  detection 
modification  (LFDM)  to  improve  the  minimum  range  capabilities  and  detection 
of  small,  low-flying,  high-speed  targets.  These  new  capabilities  resulted  in 
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a change  of  designation  to  the  AN/SPS-40B  and  the  design  has  remained 
stable  since  that  time.  It  should  be  noted  that  further  production  of  the 
AN/SPS-40B  is  being  discontinued  as  the  AN/SPS-49  is  being  installed  on 
new  ships  in  its  place. 

As  of  June  1970,  130  major  improvement  kits  had  been  ordered  from 
Dynell  Electronics  for  use  in  updating  the  AN/SPS-40's  and  AN/SPS-40A's 
to  the  reliability  and  performance  level  of  the  AN/SPS-40B.  The  converted 
AN/S  PS-40  is  designated  AN/SPS-40C  and  the  AN/SPS-40A  is  designated 
AN/SPS-40D. 

(1)  The  Oast  Estimating  Performance  For  This  Radar  Has  Been 

Adversely  Affected  By  the  Repeated  Organizational  Changes 
In  the  N avy  And  Configuration  Changes  Of  The  Radar 

As  might  be  expected,  initial  cost  estimates  (planning  or 
development  estimates)  for  an  equipment  in  production  since  1959 
could  not  be  found,  the  situation  being  similar  to  that  involving  the 
AN/S  PS-55  radar.  The  present  project  engineer  in  NAVSEA  stated 
that  there  was  no  cost  estimate  data  in  Ws  office  and  the  only  known 
source  of  cost  data  was  in  the  AN/SPS-40  contract  files  in  the 
Contract  Office,  NAVSEA  02,  and  in  the  procurement  files  of  SEA 
04.  He  also  stated  that  his  cost  estimates  for  the  AN/SPS-40  con- 
figurations were  based  on  the  last  contract  and  his  own  judgement  in- 
cluding his  own  escalation  factors.  The  project  engineer  indicated 
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that  he  might  have  some  input  and  be  consulted  during  the  contracting 
process,  but  that  cost  estimating  is  not  his  primary  concern.  The  only 
sources  of  early  cost  estimates  for  the  AN/SPS-40  were  the  NAVSEA 
01  G ship  program  year  files,  various  NAVSEA  01  G ship  files,  and 
contract  files.  The  earliest  estimates  still  available  are  as  follows: 


TABLE  E .59 


EARLY  ESTIMATES  FOR  THE  AN/SPS-40  RADAR 


Configuration 

Document 

Date 

Applicable 

Ships 

Fiscal 

Year 

Cost  Estimate/ 
Per  Unit 

AN/SPS-40 

BUSHIPS 

D&F 

No.  63-835 

March 

13,  1963 

LPD,  LPH, 

FF,  (DE 

1052) 

— 

$149,545 

AN/SPS-40 

Computer 

Read  out 

Sheets 

Oct.  5, 
1964 

LPD,  FF 
(DE  1052) 
and  LSD 

FY  66 

$212,000 

AN/SPS-40A 

PI  sheet 

Procurement 

Program 

April  30, 
1965 

FF  (DE 

1052) 

FY  66 

$212,000 

AN/SPS-40  B 

NAVSEC 

Memo  6200 

Ser.  No. 
6271-04 

June  9, 
1967 

LCC,  LHA 

FY  69 

$160,000 

AN/S  PS-40  B 

Schedule  A 

June  9, 
1967 

CGN 

(DLGN) 

Class  Ships 

FY  70 

$160,000 

AN/SPS-40 

Itr.  PMS  389 
DX/DXG  ser. 
No.  0215 

April  16, 
1968 

CGN  Class 
(DXG)  DD 

963  class 
(DX) 

FY  66 

$152,990 
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The  records  did  not  reveal  why  the  cost  estimates  varied,  or  whether 
the  cost  was  for  only  the  basic  hardware  or  if  additional  items  were 
included.  The  records  were  not  uniform  in  format  and  it  would  seem 
that  estimating  was  not  performed  on  a regular  basis.  Only  the  earli- 
est estimate  listed  in  Table  E.59  , indicates  the  nature  of  the  estimating 
process  and  what  was  included  in  the  estimate.  Specifically,  it  stated, 
"[The  estimate  is]  Based  on  previous  awards  and  an  engineering  estimate" 
that  the  figure  includes,  in  addition  to  the  basic  hardware,  "antenna 
assembly,  test,  repair  parts,  and  technical  data  and  reports."  None 
of  the  other  early  estimates  contained  any  information  of  this 
nature.  The  use  of  the  cost  estimates  on  the  preceding  page  as  the 
initial  point  from  which  to  track  the  cost  history  is  questionable,  yet 
is  the  only  data  available. 

All  the  above  cost  information  was  used  by  NAVSEA  01 G 
(then  NAVSHIPS  05F)  for  the  Program  Objectives  Memoranda  and 
budget  estimates  until  1971 . At  this  time  (1971),  program  manage- 
ment responsibility  for  search  radars  was  given  to  NAVORD. 

The  following  cost  information  for  the  AN/SPS-40B  was  for- 
warded by  an  unknown  office  in  NAVORD  to  what  is  now  NAVSEA 
01 G in  December  1972  for  the  DD  963  ship  class.  They  are  the 
earliest  NAVORD  cost  estimates  recorded  in  NAVSEA  01 G equip- 
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merit-  files  and  include  costs  additional  to  hardware. 


TABLE  E.60 


NAVORD  AN/SPS-40B  COST  ESTIMATES 

(Dollars  in 

Thousands) 

FY  73 

FY  74 

FY  75 

Hardware 

$200 

$214 

$229 

Initial  Spares 

20 

22 

22 

Project  Management 

Government  Field 
Engineering  Services 

15 

16 

17 

Design  Engineering 

Changes 

15 

16 

17 

Total 

$250 

$268 

$285 

SEA  OlG's  first  estimate  for  the  AN/SPS-40B  radar  still  on 
record  for  radars  to  be  installed  on  the  FY  76  PCG  class  of  ships  is 
detailed  in  Table  E.61.  The  latest  existing  estimate  for  the  AN/SPS- 
40B  radar  generated  by  SEA  01  G is  for  ships  of  the  FY  77  LX-1  and 
PCG  ship  classes  and  is  also  listed  in  the  following  table. 

These  estimates  are  puzzling  in  that  they  demonstrate  a differ- 
ence in  expected  total  cost  of  $406,000  (76.6  percent  increase)  for 
the  same  radar.  Although  the  earlier  estimate  is  calculated  in  FY  76 
dollars  and  the  later  one  in  FY  77  dollars,  this  could  not  account  for 
a difference  of  this  magnitude.  The  last  column  In  the  table  indicates 
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TABLE  E.61 


NAVSEA  ESTIMATES  FOR  THE  AN/S PS-40B 

(Dollars  in  Thousands) 


PCG  Class 
FY  76 
11-12-75 

LX  1 

PCG  Class 
FY  77 
12-5-75 

Differen  ce 
in  Estimates 
(FY  77  - FY  76) 

Hardware 

367 

659 

292 

Initial  Spares 

37 

50 

13 

Installation  & Checkout 

37 

25 

-12 

Design  Changes 

— 

66 

66 

Test  Equipment 

— 

14 

14 

Project  Manager 

18 

— 

-18 

Contract  Fid.  Eng.  Serv. 

20 

6 

-14 

Gov.  Fid.  Eng.  Serv. 

30 

6 

-24 

Design  Engineering 

— 

— 

— 

Technical  Data  and  Doc. 

13 

5 

-8 

Integrated  Logistic  Support 

4 

— 

-4 

Systems  Eng.  Cost 

— 

75 

75 

SQT 

— 

30 

30 

QA  & RMA 

4 

-4 

TOTAL 

$530 

$936 

$406 

the  changes  in  estimated  cost,  but  no  further  elaboration  on  why  these 
changes  were  instituted  exists.  All  that  can  be  surmised  from  the  data 
available  is  that  certain  line  items  in  the  estimates  were  revised  up- 
wards or  downwards;  and  no  conclusion  can  be  drawn  as  to  the  reasons 
for  the  change  or  why  one  estimate  includes  certain  line  items  while 
the  other  does  not.  Thus,  this  situation  requires  that  any  further  eval- 
uation of  cost  estimates  be  limited  to  hardware  and  spare  parts. 
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(2)  Actual  Cost  Growth  Of  The  Radar  Has  Been  Minimal  Until 
The  Most  Recent  Contract  In  1976 


The  first  production  contract  was  awarded  in  1959  to  Lockheed 
for  92  AN/S  PS-40  systems  at  an  average  unit  cost  of  $143,606.  The 
radars  were  acquired  for  installation  on  the  LPD,  DE  1052  and  LSD 
classes  of  ships.  Although  the  contract  files  and  other  sources  were 
scrutinized,  no  documentation  of  unit  cost  changes  in  this  contract 
could  be  found.  This  would  indicate  that  there  were  no  cost  changes 
over  the  course  of  this  contract  and  the  unit  end  cost  was  5143,606. 

The  second  contract  was  awarded  to  Lockheed  Electronics  in 

1963  for  the  procurement  of  47  AN/SPS-40  radars  at  an  initial  unit 

cost  of  $158,086.  These  radars  were  acquired  for  installation  aboard 

the  DE,  DDR,  LPD  and  LPH  ship  classes.  Although  documents  in  the 

remaining  contract  files  show  that  the  final  unit  cost  was  5187,189 

on  completion  of  the  contract  in  1967,  documentation  concerning  the 

reasons  for  this  increase  in  cost  (18  percent)  could  not  be  found  as 

most  of  the  contract  files  are  no  longer  in  the  Navy  Archives.  This 

acquisition  was  a sole  source  acquisition  for  the  AN/SPS-40  radar  and 

was  due  to  "...  urgent  requirements;  Lockheed  is  the  only  previous 

manufacturer  and  the  only  one  in  a position  to  make  early  delivery, " 

according  to  a NAVSHIPS  4494-7  Procurement  Request  of  September  20, 
1962  found  in  the  contract  files. 
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In  1965,  Sperry  Marine  was  awarded  the  first  contract  for  the 
AN/SPS-40A  configuration  following  competitive  bidding.  The  con- 
tract was  for  72  radars  to  be  acquired  at  a unit  cost  of  $167,000  and 
to  be  installed  on  ships  of  the  AGC,  LHA,  DLGN  and  D)^/DXG  classes. 
Over  the  course  of  this  contract,  the  unit  cost  increased  to  $192,020 
(15  percent);  the  result  of  specification,  engineering  and  requirement 
changes. 


TABLE  E.62 

COMPARISON  OF  AWARD  WITH  CURRENT  END  PRICES 
AN/S  PS-40  RADARS 


Contractor 

Year 

Configuration 

Quanti 

Unit 
Award 
ty  Pri  ce 

Pri  ce 
Current 
End  Price 

Lockheed 

1959 

AN/SPS-40 

92 

$143,606 

$143,606 

Lockheed 

1963 

AN/SPS-40 

47 

$158,086 

$187,190 

Sperry  Marine 

1965 

AN/SPS-40A 

72 

$167,000 

$192,020 

Dynell  Electronics 

1969 

AN/SPS-40B 

46 

$190,728 

$214,760 

Dynell  Electronics 

1976 

AN/SPS-40B 

7 

$455,300 

$455, 300 

Dynell  Electronics  was  awarded  the  first  procurement  contract 
through  competitive  bidding  for  the  AN/SPS-40B  configuration  in  1969. 
This  contract  also  included  provisions  for  130  modification  kits  to  be 
used  in  updating  the  existing  AN/SPS-40  and  AN/SPS-40A  configura- 
tions to  the  AN/S  PS-40  B configuration.  The  initial  unit  cost  was 
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$190,728  for  46  radars  intended  for  installation  on  the  DDG,  DD  963, 
AOE  and  LX  classes  of  ships.  So  far  the  average  unit  cost  has  increased 
to  $214,760  (13  percent)  and,  again,  the  increase  has  been  attributed 
primarily  to  design,  engineering  and  specification  changes  in  available 
contract  documentation. 

The  latest  contract  was  a sole  source  award  to  Dynell  Electronics 
in  December  1976  for  seven  radar  systems  and  their  support  equipments. 
The  unit  hardware  cost  was  $455,300.  These  radars  are  being  acquired 
for  installation  on  the  PCG  ( foreign  military  sales)  and  CGN  41  ship 
classes. 


Not  very  much  can  be  learned  from  these  except  that  the  costs 
over  the  period  1959  through  1969  grew  at  a reasonable  rate  (three  or 
four  percent)  per  annum.  However,  the  cost  growth  in  certain  con- 
tracts might  have  been  anticipated  through  more  careful  estimating. 

The  latest,  higher  contract  price  appears  to  be  the  result  of  inflationary 
factors  (at  least  75  percent  between  1969  and  1976)  and  a sole  source, 
small  buy.  Also  a factor  is  that  certain  of  these  radars  are  for  foreign 
military  sales  which  have  unusual  cost  features. 

In  sum,  the  absence  of  documentation  presents  difficulties  pre- 
cluding thorough  examination  of  cost  drivers  in  the  procurement  pro- 
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cess  of  the  AN/SPS-40  configurations.  However,  when  consideration 
is  given  to  the  generally  nominal  price  increases  in  this  system,  the 
economic  trends  of  the  times,  variations  in  size  of  the  acquisitions 
and  the  extensive  design  changes  this  radar  has  undergone,  it  appears 
that  there  were  no  specific  cost  drivers  within  the  radar's  design  and 
that  the  price  increases  were  apparently  the  result  of  the  influences 
of  the  economy. 

(3)  The  Accuracy  Of  The  Existing  Estimates  Is  Low  Throughout 
The  History  Of  The  Radar  Reflecting  A Continual  Lack  Of 
Interest  And  Effort  In  Estimating  For  The  AN/SPS-40  Radar 

Cost  estimates  for  the  AN/SPS-40  radar  prepared  more  recently 
have  been  based  primarily  on  Judgement,  derived  from  information 
provided  in  former  contracts.  The  necessity  for  detailed  and  extensive 
estimates  was  precluded  by  the  repeated  use  of  competitive  bidding 
for  contracts,  which  also  appeared  to  have  been  partially  instrumental 
in  keeping  the  price  increases  down. 

The  rationale  behind  the  AN/SPS-40  Radar  cannot  be  evaluated 
since,  as  indicated  previously,  the  AN/SPS-40  configuration  has  under- 
gone numerous  changes  and  no  original  estimates  remain  for  these  con- 
figurations. However,  it  is  possible  to  demonstrate  the  approximate 
level  of  the  cost  estimating  capability  by  comparing  the  earliest  known 


E-205 


estimate  for  radars  of  a specific  configuration  to  the  current  contract 
end  price  for  radars  of  the  same  configuration  acquired  in  the  same 
time  frame.  This  has  been  done  in  Table  E.63. 

It  is  important  to  remember  while  analyzing  this  data  that  it  is 
not  known  what  was  included  in  the  system  for  which  the  first  two  esti- 
mates were  generated.  Also,  the  amounts  of  the  estimates  are  in  the 
fiscal  year  dollars  indicated  while  the  contract  prices  are  in  the  cal- 
endar year  dollars  of  the  contract;  and  the  estimates  were  not  necessarily 
developed  for  the  same  ship  classes  on  which  they  were  finally  install- 
ed. 


The  fact  that  the  estimates  vary  from  the  contract  cost  by  be- 
tween 13.8  and  34  percent  would  appear  to  indicate  poor  quality  in 
estimating  for  this  sytem.  However,  in  passing  judgement  on  the  esti- 
mating capabilities,  it  must  be  remembered  that  we  only  have  a poor 
sample  of  the  estimates  generated  still  in  the  record;  cost  growth  was 
very  nominal;  three  different  versions  are  actually  included  within 
the  general  AN/SPS-40  configuration;  and  recurrent  shifting  of  re- 
sponsibility for  cognizance  of  the  estimates  had  negative  effects  on 
the  estimating  process. 
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TABLE  E. 63 


COMPARISON  OF  CONTRACT  COSTS  AND 
ESTIMATES  FOR  THE  AN/SPS-40  RADARS 


Variance  in 


Configuration 

Estimate 

Year  of 
Estimate 

Fiscal 

Year 

Current 
Unit  Cost 

Year  of 
Contract 

Contract  Price 
& Estimate 

AN/SPS-40 

5149,545 1 

1963 

— 

$187, 190 2 

1963 

26% 

AN/SPS-40A 

CO 

o 

8 

CM 

CM 

KS> 

1965 

66 

$167, 000 4 

1965 

26.9% 

AN/S  PS-40  B 

$160, 000 5 

1967 

69 

$214,760  6 

1969 

34% 

AN/S  PS-40 B 

$528, 000 7 

1975 

76 

$455, 300 8 

1976 

13.8% 

1.  For  LPD,  FF  (DE  1052),  and  LPH  ship  classes 

2.  For  FF,  DD  or  DDG,  LPD,  and  LPH  ship  classes 

3.  For  FF  ship  class 

4.  For  AGC,  LHA,  CGN  (DLGN)  and  D//DXG  ship  classes 

5.  For  LCC  and  LHA  ship  classes 

6.  For  DDG,  DD  963,  AOE  and  LX  ship  classes 

7.  For  PCG  ship  class 

8.  For  PCG  and  CGN  41  ship  classes 
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The  following  is  a summation  of  the  cost  estimating  process  for  the 


AN/S  PS-40  Radar. 


Staffing  and  Organizational  Structure  — there  was  none  for 
the  cost  estimates  of  the  AN/SPS-40  Radars  in  the  POM/ 
budget  process. 

Data  Banks  — what  data  could  be  found  were  in  NAVSEA  01 G 
files  and  NAVSEA  02  procurement  contracts.  Fragmentation  of 
cost  data  throughout  ship  files,  general  AN/SPS-40  files,  and 
contract  files  make  data  gathering  difficult  and  time-consuming. 

Return  Costs  — no  cost  data  was  found  other  than  contract  prices 
in  NAVSEA  02  contracts. 

Escalation  and  Inflation  Prediction  — these  predictions  currently 
are  functions  of  NAVSEA  01 G.  In  prior  years,  these  predictions 
were  made  by  the  technical  organization  whose  predictions  pre- 
sumably were  based  on  general  knowledge  of  conditions  and  in- 
puts from  contractors. 

Quality  versus  Technical  Descriptions — the  AN/SPS-40  and  the 
A and  B modifications  have  been  operational  radars  for  well  over 
20  years  and  as  a result  excellent  technical  material  exists.  How- 
ever, cost  estimates  for  this  radar  are  not  generated  by  reference 
to  engineering  methodology. 

Estimating  Response  Time  — could  not  be  determined  but  with  the 
contract  history  available  an  estimate  could  be  provided  within 
one  or  two  days. 

Review  Procedures  — review  and  validation  of  cost  estimates 
for  the  AN/SPS-40  (all  versions)  is  presently  the  function  of 
NAVSEA  01 G. 

Technical  Complexity  of  Estimates — the  AN/SPS-40  (all  ver- 
sions) is  not  a very  sophisticated  radar  when  compared  to  the 
latest  "track  while  scan"  types.  The  very  few  design  changes 
made  in  the  past  few  years  would  make  for  accurate  engineer- 
ing type  cost  estimates  if  such  were  desired.  Cost  estimating 
for  the  AN/SPS-40  radars  is  unsophisticated  as  the  estimates 
are  simply  the  result  of  marking-up  the  latest  contract  cost  for 
the  effects  of  inflation. 
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3.  THE  5-INCH  54  CALIBER  MK  45  LIGHTWEIGHT  GUN  MOUNT 

(5"  LWG)  WAS  THE  FIRST  NEW  MAJOR  SHIPBOARD  GUN  MOUNT 
DEVELOPED  FOR  THE  NAVY  SINCE  THE  1950'S 

The  5"/54  Caliber  Lightweight  Gun  (LWG)  Mount  MK  45  Mod  0 was 
developed  in  response  to  the  requirement  set  forth  in  Specific  Operational 
Requirement  (SOR)  I204R2  in  March  1963  and  was  the  first  completely  new 
major  shipboard  gun  mount  developed  for  the  Navy  since  the  1950's.  A de- 
velopment contract  was  undertaken  by  FMC  Corporation/Northern  Ordnance 
Division  in  April  1964.  It  was  delivered  to  the  Navy  for  testing  in  June  1967 
and  approved  for  service  use  by  the  Chief  of  Naval  Operations  (CNO),  in 
July  1970.  Three  production  contracts  have  been  awarded  to  Northern 
Ordnance  Inc.  and  one  to  General  Electric  for  a total  of  96  mounts. 

The  5"  LWG  is  a fully  automatic,  lightweight,  shielded,  single 
barrel  weapon  capable  of  firing  5"  projectiles  at  20  rounds  per  minute.  It 
was  developed  to  have  the  highest  possible  mission  capability,  fully  auto- 
matic operation,  all-weather  capability,  reduced  space  and  manning  require- 
ments, low  life  cycle  costs,  and  maximum  safety  for  crew  and  ship.  Its 
capabilities  extend  to  defense  against  air  threats;  small,  fast,  highly  maneu- 
verable, surface  targets;  and  provision  for  extremely  accurate  gunfire  support 
for  ground  forces. 
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(1)  Although  The  5”/54  MK  45  LWG  Requirement  Dates  From 

1963,  The  Earliest  Estimate  Still  On  File  Is  Dated  June  7, 

1967 

The  earliest  estimates  still  on  file  for  the  5"  LWG  are  dated 
July  13,  1967  and  were  found  in  the  SEA  01 G program  year  files  for 
FY  69.  These  estimates  were  lump  sum  figures  for  the  5"  LWG's  pro- 
vided by  NAVORD  in  response  to  OP-030/joc  Memo  0125-67  of 
June  7,  1967.  They  indicated  the  unit  cost  was  expected  to  be 
$1,680,000  for  both  the  DDG/DXG  and  DE/DX  classes  of  ships. 

The  second  estimate  was  to  provide  for  installation  on  the  CGN 
38  (was  DLGN)  class  of  ships.  This  estimate,  with  two  others  was 
found  in  a NAVORD  Planning  Directive  in  SEA  OlG's  CGN  38  files 
and  was  dated  May  1970.  (Table  E.64  is  a copy  of  the  estimates  in 
the  Planning  Directive).  Although  the  original  estimate  dated  April 
1968  in  the  Planning  Directive  is  a lump  sum  figure,  the  May  1970 
estimates  are  broken  down  into  specific  categories  which  might  serve 
as  the  initial  points  in  the  track  of  the  cost  history.  The  cost  factors 
responsible  for  the  difference  (-16  percent)  between  the  original 
(April  1968)  and  following  (May  1970)  estimates  are  not  addressed  in 
the  Planning  Directive  nor  can  they  be  found  in  SEA  01  G files. 
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TABLE  E.  64 


PLANNING  DIRECTIVE  ESTIMATES  FOR  5"  LWG 

(Dollars  in  Thousands) 


Orig.  Cost 

SCA 

Estimate 

Estimate 

April  1968 

May  1970 

(2  A/ounts) 

(2  Amounts) 

Mount 

$2,741 

Hoist 

280 

Technical  Documentation 

87 

l&C/O  Spares 

6 

Field  Service  Engineering 

42 

Systems  Engineering 

25 

Growth 

20 

Specification  Support  Equip. 

29* 

Ship  Qualification  Trials 

25 

TOTAL 

$3,872 

$3,255 

*Will  not  be  needed  if  Newport  News  Shipbuilding  and  Dry  Dock  Company 
gets  contract  (now  building  CGN  36  and  37). 


TABLE  E.65 


1968  NAVORD  COST  ESTIMATES  FOR  THE  5"  LWG 
December  6,  1968  (Dollars  in  Thousands) 


CGN  (DLGN)  FY  68 
LHA  FY  69 
DX  FY  70  (DD  963) 
DXGN  FY  70 
LHA  FY  70 
DXG  FY  71 


First  Estimate 


Second  Estimate 


1,974 

1,680 

1,611 

1,611 

1,490 

1,518 


(1) 

1,974® 

(2) 

1 740® 

(3) 

i;520® 

(3) 

1,520® 

(4) 

1 368® 

(5) 

1 490® 

(1)  for  5 LWG's  with  hoist 

(2)  for  3 LWG's  without  hoist 

(3)  for  32  LWG's  with  hoist 

(4)  for  32  LWG's  without  hoist 

(5)  The  NAVORD  cost  estimate  did  not  state  whether  this  included  hoist. 
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The  next  series  of  estimates  was  found  in  a NAVORD  Office 


Memo  of  December  6,  1968  forwarded  to  OPNAV  03D.  This  memo 
provides  the  estimates  listed  in  Table  E.65  for  gun  mounts  with  and 
without  hoists.  It  also  includes  extensive  information  explaining 
differences  and  the  basis  for  the  various  aspects  of  the  estimates. 
Specifically,  it  states: 

“The  variations  in  price  are  the  result  of  different  procurement 
lot  sizes  and  the  configuration  with  or  without  hoist. . . (these 
estimates  include]  funding  for  spare  parts,  field  engineering 
services,  an  allowance  for  specification  changes,  and  docu- 
mentation. This  amounts  to  approximately  $200,000  per  mount. 

Further  it  indicates  the  unit  price  would  decrease  from  $1,520,  000 

to  $1,460,000  (-4  percent)  if  the  number  of  mounts  acquired  by  the 

direct  buy  was  increased  from  32  to  80. 


The  memo  lists  the  following  reasons  for  the  differing  cost 
estimates: 


Some  ships  require  a lower  hoist  while  other  ships  do 
not. 

The  price  of  the  gun  varies  with  the  quantity  procured. 

"As  the  shipbuilding  program  changes  and  the 
required  number  of  gun  mounts  is  varied,  the 
cost  will  vary  also.  " 

"The  conflict  between  the  'program'  approach,  and 
the  'budget'  approach  causes  price  differences.  If 
the  quantities  required  for  the  DX  Program  of  say  40 
ships  in  priced,  the  result  will  certainly  be  different 
from  that  obtained  for  the  LHA  Program  of  say  eight 
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ships.  The  cost  based  on  quantity  will  be  still  differ- 
ent if  the  FY  budget  submission  is  considered  where 
procurements  are  based  on  the  number  of  DX,  DXGN, 
DLGN,  and  LHA  ship  in  a particular  FY  program  as 
approved  by  Congress." 


Finally,  this  memo  indicates  that  the  initial  direct  buy  from 
Northern  Ordnance  was  necessary  for  the  first  contract  in  order  to 
meet  ship  delivery  schedules.  And,  "these  prices  are  expected  to 
be  somewhat  higher  than  prices  that  can  be  obtained  after  the  pro- 
curement data  package  is  available  and  the  lead  times  are  compatible." 


The  fourth  set  of  estimates  still  in  the  record  is  contained  in 
a NAVORD  memorandum  dated  January  8,  1969,  discussing  procure- 
ment plans  for  the  5"  LWG.  The  memorandum,  ORD  083/76:  WRJ, 
indicates  the  intention  to  acquire  195  mounts  over  eight  fiscal  years 
at  a rate  of  "31  mounts  in  FY  70  and  either  24  (low  rate)  or  36  (high 
rate)  in  subsequent  years  until  a total  of  195  mounts  had  been  procured." 
However,  no  information  was  available  which  stated  which  classes  of 
ships  these  would  be  acquired  for.  The  estimated  average  unit  costs 
are: 

FY  70  (31  mounts)  $1,522,000 

FY  70-77  (195  mounts  at  low  rate)  1 ,509,000 

FY  70-77  (195  mounts  at  high  rate)  1,404,000 

The  estimates  included  the  costs  of  hoists  and  support  costs  for  docu- 
mentation, spares,  etc. 
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On  January  15,  1970,  ORD  08  forwarded  an  estimate  by 
memo  ORD  081 1 1/430:  JDM  to  ORD  01  for  five  ships  of  the  DD  963 
class.  Table  E.66  contains  this  estimate. 

TABLE  E.66 

1970  NAVORD  ESTIMATES  FOR  5”  LWG 
(Dollars  in  Thousands) 


01-15-70 


Hardware  (mount  only) 

$1,469 

Technical  Documentation 

87 

Test  and  Checkout  of  Systems 

25 

Systems  Engineering 

25 

Ships  Qualification  Trials 

5 

Field  Services  Engineering 

40 

Travel  and  Per  Diem 

10 

TOTAL 

$1,661 

(2)  The  Most  Recent  Estimates  Come  From  The  NAVSEA  01  G And 
NAVSEA  06  Offices,  But  Do  Not  Aliow  For  A Consistent  Track 
Of  The  Cost  History 


The  earliest  existing  estimate  by  SEA  01  G is  dated  March  6, 
1973  for  the  DD  963  ship  class  application,  while  the  latest  is  dated 
November  21,  1975  for  the  DDG  47  applications.  The  estimates  (see 
Table  E.67)  are  broken  down  into  various  categories  and  provide  a 
more  consistent  estimating  history  than  was  available  in  earlier  periods. 
There  was  a quantum  increase  of  $1,000,000  - $2,037,000  from  a 
range  of  $1 , 178,000  - $2,730,000  in  FY  75  dollars,  to  a range  of 
$3,215,000  - $3,739,000  in  FY  77  and  78  dollars. 
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TABLE  E.67 


NAVSEA  01 G ESTIMATES  FOR  THE  5'1  LWG 
(Dollars  in  Thousands) 


DD  963 

CGN 

(DLGN)38 

DDG  47 

Fiscal  Year  

1973 

1974 

1975 

“1977 

1976 

1978 

1975 

Date  of  Estimate 

3/73 

3/73 

3/73 

9/75 

3/75 

11/75 

11/75 

Hardware 

1,137 

1,157 

1,178 

3,215- 

3,082 

3,739 

2,730 

GFE 

186 

199 

213 

321 

308 

- 

- 

Test  Equipment 

12 

13 

14 

49 

46 

41 

30 

Tech.  Data  Doc. 

62 

66 

71 

94 

90 

79 

58 

I&C  Spares 

29 

31 

33 

53 

50 

75 

55 

Contract  Fid.  Engr.  Serv. 

- 

- 

- 

- 

- 

34 

25 

Govt.  Fid.  Engr.  Serv. 

27 

29 

31 

48 

45 

43 

31 

Design  Engr.  Changes 

157 

168 

180 

94 

90 

188 

137 

System  Engr.  Changes 

20 

22 

24 

- 

- 

- 

- 

Total 

1,630 

'1,685 

1,744 

3,874 

3,711 

4,199 

3,066 

The  estimates  generated  in  CY  1973  for  FY  73-75  and  those  generated 
in  CY  1975  for  FY  75-78,  respectively,  appear  consistent  in  the  a- 
mounts  of  increase  between  Fiscal  Years.  The  records  do  not  however, 
provide  an  explanation  for  the  76  percent  increase  in  the  FY  75  esti- 
mates between  those  made  in  November  1975  and  March  1973  other 

r 

than  the  cost  estimator's  attempt  to  include  a more  realistic  provision 
for  experienced  and  projected  escalation. 
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The  only  estimate.  Table  E.68  from  the  present  project  engi- 
neer's office  still  available  is  dated  February  25,  1976  and  is  calcu- 
lated in  FY  77  dollars.  The  estimate  was  broken  down  as  indicated 
below: 


TABLE  E.68 

FY  1977  PROJECT  OFFICE  ESTIMATES 


Hardware  $2,266,400 

Shipping  Fixtures  10,000 

I & C Spares  and  Equipment  45,000 

Test  Equipment  25,000 

Initial  Spares/Supply  Support  100,000 

Oscillating  Assembly  Proofing  5,000 

New  Installation  100,000 

Total  $2,551,400 


The  estimate  document  does  not  indicate  what  class  of  ships  the  esti- 
mate was  intended  for,  although  it  indicated  an  expected  unit  buy  of 
14  gun  mounts. 

No  tangible  cost  estimating  history  for  the  5"  LWG  can  be 
developed  due  to  the  lack  of  existing  documentation  and  apparent 
lack  of  concern  and  effort  exerted  on  estimating  for  the  5"  LWG 
mounts  by  the  cognizant  offices  in  the  Navy.  While  various  estimates 
are  available,  supporting  documentation  defining  causes  for  increases 
in  the  estimates  end  reasons  for  differences  in  the  estimates  in  the 
same  fiscal  year  were  lacking  in  all  but  one  case.  This  prevents  deter- 
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mlnation  of  the  reasons  for  increases,  of  the  assumptions  made  in 
developing  the  estimates  and  of  specific  differences  between  two  sys- 
tems that  appear  on  the  surface  to  be  the  same.  The  sporadic  timing 
and  existence  of  estimates  generated  by  several  offices  indicates  an 

I 

I 

absence  of  a coordinated  and  well-managed  cost  estimating  effort 
which  precludes  the  possibility  of  developing  a consistent  track  of 
the  5"  LWG's  cost  estimating  history  for  any  period  longer  than  three 
years. 

(3)  The  Level  Of  The  Actual  Unit  Cost  For  The  5"/54  LWG  MK 
45  Has  Fluctuated  From  An  Initial  High  To  Its  Most  Recent 
Level  At  21  Percent  Less  Than  The  Initial  Cost 

The  initial  major  production  contract  was  awarded  in  1968  to 
Northern  Ordnance,  Inc.  for  twenty-five  5“  LWG's  to  be  installed 
on  the  LHA,  DLGN  36  and  DD  963  ship  classes.  The  contract  was  a 

i 

cost  plus  incentive  fee  contract  with  a target  price  of  $49,869,600 
and  an  initial  unit  price  of  $1 ,789,000.  Table  E.69  lists  this  and 
other  production  contracts.  The  major  cost  driver  over  the  course  of 
the  contract  resulted  from  a four  month  strike  at  Northern  Ordnance 
adding  $4,200,000  on  to  the  cost  of  the  contract.  The  other  two  major 
cost  drivers  in  this  contract  were  for  $1,800,000  each.  One  was  due 
to  low  initial  estimates  forwarded  by  Northern  Ordnance  to  the  Navy 
on  production  tooling  and  special  test  equipment.  The  second  was  due 
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to  increased  material  costs  subsequent  to  award  of  the  contract.  These 
cost  increases  resulted  in  an  average  unit  cost  increase  of  $312,000 
to  a final  unit  cost  of  $2,097,000. 

TABLE  E.69 

CONTRACTS  FOR  5"  LWG 


Year  of  Contract  Contractor 

0 

S'! 

1 

Initial 

Unit  Cost 

Current 
Unit  Cost 

1968 

Northern  Ordnance, 

Inc. 

25 

$1,789,000 

$2,097,000 

1971 

General  Electric 

54 

$ 852,000 

$ 976,655 

1972 

Northern  Ordnance, 

Inc. 

7 

$1,300,000 

$1,300,000 

1975 

Northern  Ordnance, 

Inc. 

14* 

$1,655,986 

$1,697,736 

* Reduced  to  10  units  after  contract  award. 

The  second  major  production  contract  was  awarded  in  1971  to 
General  Electric  following  open  competition.  This  contract  was  for 
fifty-four  5"  LWG's  to  be  installed  on  the  DD  963  ship  class  at  a unit 
cost  of  $852,000  and  total  cost  of  $46,008,000.  However,  this  price 
did  not  include  hoists  and  other  components  which  were  contracted  for 
from  Northern  Ordnance  and  furnished  as  GFM.  The  contract  was  a 
fixed  price  contract  with  procurement  scheduled  in  four  lots,  one  each 
for  Fiscal  Years  71-74.  The  first  lot  (FY  71)  was  for  12  gun  mounts 

while  each  of  the  other  three  lots  was  for  14  gun  mounts.  By  November 

\ 
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3,  1976  the  total  cost  for  this  contract  had  increased  to  $52,739,343 
(14  percent)  increasing  the  average  unit  cost  to  $976,655.  Of  the  18 
contract  modifications  affecting  the  price  of  the  contract,  fifteen  were 
GFM  related,  three  due  to  design  modifications,  and  three  to  unit 
price  increases.  The  GFM  changes  accounted  for  85.8  percent,  (S5.73M) 
of  the  increase  in  dollar  value  of  the  contract. 

The  third  ma|or  production  contract  was  with  Northern  Ordnance 
in  1972  for  seven  gun  mounts  at  a total  price  of  S10.65M  ($1 ,5M  per 
unit).  These  gun  mounts  were  acquired  for  installation  on  ships  of  the 
CGN  38  and  DD  963  classes.  Northern  Ordnance  was  awarded  this 
contract  through  competitive  bidding  and  has  since  satisfactorily  com- 
pleted the  contract. 

The  last  major  production  contract  was  awarded  in  November 
1975  to  Northern  Ordnance  after  selection  through  comptitive  bids. 

It  was  a fixed  price  contract  for  14  mounts  with  a total  price  of 
$23,184,000,  a unit  price  of  $1,656,000  with  an  option  to  acquire 
two  more  at  a unit  cost  of  $2,208,000.  However,  in  August  1976 
the  total  price  was  decreased  by  $2,622,000  to  $20,562,000  pursuant 
to  contract  price  adjustments  agreed  to  by  the  Government  and  North- 
ern Ordnance  because  of  the  deletion  of  four  mounts  for  a new  total 
of  ten  mounts.  The  only  other  change  was  a reduction  in  the  contract 
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price  for  additional  GFM  supplied  to  the  contractor.  These  reductions 
decreased  the  current  average  unit  cost  to  $1,700,000.  Eight  of  the 
ten  systems  were  acquired  for  Foriegn  Military  Sales  (Iran)  while  two 
systems  are  for  installation  on  the  CGN  41  and  42. 

i 

(4)  Neither  GFM  Nor  The  5u/54  LWG  MK  45  Have  Been  Mai  or 

Cost  Drivers 

Although  GFM  was  the  major  cost  driver  in  the  second  contract, 
charges  attributed  to  GFM  in  the  fourth  contract  caused  a net  reduc- 
tion in  the  total  contract  cost.  In  consideration  of  these  mixed  results 
and  their  magnitude,  GFM  does  not  appear  to  merit  special  concern 
as  a cost  driver  for  the  5”  LWG. 

In  regards  to  the  5"  LWG  being  a cost  driver  in  ship  acquisitions, 
there  has  been  an  actual  cost  reduction  in  spite  of  inflation  over  the 
course  of  the  four  contracts.  The  nominal  cost  decrease  is  even  greater 
than  these  figures  portray  as  the  system  has  been  modified  and  in- 
creased capability  has  been  added  since  its  initial  production.  Thus, 
it  appears  that  the  5"  LWG  has  shown  improved  cost  performance  and 
the  Government  has  been  successful  in  keeping  a lid  on  the  cost  in- 
creases. 
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(5)  The  Quality  Of  Estimates  For  The  5u/54  LWG  MK  45  Appears 

To  Have  Been  Very  Low  Throughout  Its  History 

Figure  E.14  relates  estimates  to  anticipated  end  prices  per 
unit.  While  the  estimates  are  not  exactly  comparable  since  they  apply 
to  different  ship  types,  etc.,  they  have  been  consistently  low  until 
recently.  The  later  SEA  01  G estimates  appear  to.be  high  in  that  they 
are  from  50  percent  to  100  percent  higher  than  the  anticipated  end 
cost  of  the  mounts  being  procured  under  the  contract  awarded  in  1976. 
These  increases  are  attributed  by  SEA  01 G to  anticipated  inflationary 
factors  and  lack  of  compeition  as  it  is  anticipated  that  GE  will  no 
longer  be  interested  and  5"  LWG's  will  be  procured  sole  source  from 
Northern  Ordnance. 
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MK  45  LWG  CURRENT  CONTRACT  COST  AN D RANGE  OF  ESTIMATES 
— — — (ooo's  0f  Dollars) 
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* * * 


* * 


The  following  is  a summation  of  the  cost  estimating  process  for  5" 

LWG. 

. Staffing  and  Organizational  Structure  — although  many 

different  offices  have  promulgated  estimates  for  the  light- 
weight gun,  the  efforts  do  not  appear  to  have  been  co- 
ordinated or  well-managed. 

. Data_Bank| — only  limited  data  for  the  5"  LWG  is  still  in 

existence  with  the  most  complete  cost  data  available  being 
that  found  in  NAVSEA  02's  contract  files.  No  actual  cost 
data  banks  for  the  LWG  were  available. 

• Return  Cost  — the  only  return  cost  data  available  are  the  con- 

tract costs  found  in  NAVSEA  02's  contract  files. 

. Escalation  and  Inflation  Predictions  — NAVSEA  01 G has 

general  cognizance  of  this  function  and  promulgates  its 
figures  for  use  by  all  offices  involved  in  estimating. 

. Quality  versus  Technical  Description  — the  5"  LWG  has  a 

stable  design  with  complete  and  accurate  technical  des- 
criptions. Therefore,  the  risk  factor  in  the  estimates  should 
be  low  and  the  quality  of  the  estimates  should  be  very  high 
given  this  situation. 

. Estimating  Response  Time  — since  the  estimates  were  the  re- 

sult of  marking  up  the  latest  contract  costs  for  the  effects  of 
inflation,  it  appears  the  amount  of  time  necessary  for  the 
generation  of  estimates  would  be  quite  short. 

. Technical  Complexity  of  the  Estimates  — as  the  estimates 

appear  to  be  percentage  mark-ups  of  the  latest  contract 
costs,  the  technical  complexity  of  the  estimates  appears  to 
be  very  low. 
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4. 


THE  MK  86  GFCS  HAS  EXPERIENCED  NUMEROUS  INCREASES  OF 
ITS  CAPABILITIES,  ACTUALLY  EVOLVING  INTO  DIFFERENT 
SYSTEMS  WITH  THE  SAME  CENTRAL  COMPONENTS 

The  Specific  Operational  Requirement  (SOR)  for  the  MK  86  Gun  Fire 
Control  System  (GFCS)  was  issued  in  February  1963  as  a result  of  an  operational 
requirement  issued  by  CNO  in  August  1961 . The  new  GFCS  was  designed  for 
surface  to  surface  gunfire  in  support  of  amphibious  operations. 

In  February  1964  a contract  was  awarded  Lockheed  Electronics  Co.  for 
the  design  and  manufacture  of  two  prototype  MK  86  GFCS.  The  first  system 
was  delivered  in  May  1966  and  accepted  by  the  Naval  Ordnance  Systems 
Command.  This  system  was  subsequently  installed  on  the  USS  BARRY  (DD933) 
for  a Concurrent  Evaluation,  CNO  Project  C/A  45.  Due  to  technical  problems 
this  evaluation  was  never  completed. 

In  November  1966,  CNO  issued  a revision  to  the  SOR  adding  Anti 
Aircraft  (AA)  and  Missile  Continuous  Wave  Illumination  (CWI)  capability 
requirements  for  the  MK  86  GFCS.  In  July  1967  Lockheed  was  awarded  con- 
tracts for  improvement  programs  to  further  develop  the  MK  86  and  also  to  pro- 
vide an  AA  and  CWI  capability.  One  of  the  original  two  MK  86's,  modified 
in  accordance  with  the  July  1967  contract  by  Lockheed,  was  installed  on  the  USS 
NORTON  SOUND  (AVM  1)  for  technical  evaluation  in  January  1969.  During 
the  evaluation,  the  MK  86  demonstrated  a capability  to  meet  the  desired  per- 
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formance  requirements. 


The  MK  86  GFCS  Mod  3 controls  two  guns  primarily  on  the  CGN  36 
class  (formerly  the  DLGN  36);  the  Mod  4 controls  three  guns  on  the  LHA  class; 

i 

and  the  Mod  5 controls  two  guns  and  provides  missile  guidance  for  the  CGN 
38  class  ships  (formerly  the  DLGN  38). 


(1)  There  Is  No  Uniform  Cost  History  Available.  Seven  Different 
Offices  In  The  Navy  Have  Contributed  Cost  Estimates  For  The 

MK  86  GFCS  Over  An  Eight  Year  Period 


The  earliest  cost  estimate  still  in  the  record  was  promulgated 
January  28,  1964  by  the  NAVORD  CB—  1 Office  (presently  in  SEA  06) 
for  the  DDG-2  ship  class.  It  was  for  SCN  appropriations  with  a figure 
of  $1,400,000  for  one  MK  86  GFCS  for  surface  gunfire  only.  The 
next  estimates  were  found  in  a NAVORD  931  Memorandum  of  June  13, 
1967  which  was  based  on  an  OP-030/|oc  Memo  0125-67  of  June  9, 
1967.  They  were  calculated  in  FY  69  dollars  and  indicated  a MK  86 
Mod  2 GFCS  for  the  DDG/DXG  classes  of  ships  was  expected  to  cost 
$2,297,000  while  a MK  86  Mod  1 GFCS  for  the  D^/DX-DD  963  ship 
classes  was  estimated  to  cost  $2,250,000.  These  estimates  were 
found  in  SEA  OlG's  Program  Year  Files  and  did  not  break  out  the 
component  costs,  but  only  conveyed  a lump  sum  estimate.  The  Mod 
1,  as  well  as  the  Mod  0 and  Mod  2 were  never  developed  as  systems 
but  were  used  as  operational  development  equipment. 
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An  early  estimate  on  record  (Table  E.70)  dated  January  15, 

1970  was  forwarded  in  a memorandum  by  ORD  08  to  ORD  01 . It 
was  calculated  for  the  DD  963  ship  class  and  is  the  first  breakdown  of 
the  costs  into  various  categories,  although  the  specific  mod  number  of 
the  GFCS  was  not  indicated.  The  other  estimates  are  for  specific  mods 
and  no  explanation  of  the  differences  in  basic  hardware  predictions  has 
been  found.  The  estimates  for  items  other  than  basic  hardware  reveal 
a typical  pattern.  First,  the  item  coverage  is  not  consistent.  Second, 
the  estimates  for  individual  items  vary  widely.  It  is  rare  that  reasons 
for  the  variations  can  be  found  in  any  sort  of  documentation. 

The  estimates  in  Table  E.71  were  found  in  the  DLGN  38  Ship 
File  in  the  SEA  01 G office.  They  were  part  of  a Planning  Directive 
promulgated  by  ORD  01214  for  the  DLGN  38  ship  class  on  May  28, 

1970.  They  do  not  indicate  which  of  the  MK  86  configurations  they 
apply  to,  precluding  their  further  use  for  an  historical  analysis.  How- 
ever, assuming  they  are  all  estimates  for  the  Mod  5,  they  demonstrate, 
but  do  not  explain,  a cost  growth  of  104  percent  over  this  two  year 
period.  The  cost  growth  could  have  resulted  from  the  many  design 
modifications  associated  with  the  missile  guidance  requirement. 

ORD  01 2C  promulgated  in  a letter,  serial  number  0640  on  February 
9,  1970,  an  estimate  for  the  DLGN  38  ship  class  application  of  $4, 100,000 
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TABLE  E.70 


NAVORD  ESTIMATES  FOR  THE  MK  86  GFCS 


Ship  Classes 

(Dollars 

in  Thousands) 

DD  963 

FFG  (PF) 

NAVORD  Code 

ORD-08 

ORD-  55142 

\ 

ORD-55142 

ORD-051.1 

Fiscal  Year 

FY  70 

FY  73 

FY  73 

Est.  Date 

01/15/70 

1/30/71 

12/1Q/71 

12/14/72 

Mod  Number 

Mod  5 

Mod  3 

Mod  5 

Hardware 

3,630 

3,800 

3,375 

4,500 

Growth 

15 

Tech.  Doc. 

192 

10 

800 

Test  Checkout 

25 

80 

20 

Sup.  Eng. 

15 

100 

500 

Fid.  Serv.  Eng. 

25 

100 

61 

100 

Travel  & Per  Diem 

25 

l&C  Spares 

50 

600 

SQT  Costs 

30 

30 

Initial  Spares 

150 

600 

Design  Eng . Change 

200 

Develop  Costs 

1,000 

Total 

3,977 

4,090 

3,866 

8,150 
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TABLE  E.  71 

PLANNING  DIRECTIVE  ESTIMATE  FOR  THE  MK  86  GFCS 
(Dollars  in  Thousands) 


SCA 
Estimate 
May  1970 


Latest 
Estimate 
May  1970 


Basic  System 

2,508 

2,990 

Technical  Manuals 

130 

130 

Technical  Data 

35 

35 

Engineering  Liaison  Services 

25 

25 

Source  Control  Drawings 

30 

30 

1 & C Spares 

25 

25 

Computer 

565 

565 

Field  Engineering  Services 

25 

25 

Spares  Provisioning 

10 

10 

Special  Test  Equipment 

150 

150 

Specification  Changes 

150 

150 

Production  Support 

25 

25 

Generators  — MK  56 

2 

2 

Dummy  Director  and  Error  Recorder 

25 

25 

Input/Output  Console  MK  77 

20 

20 

Ready  Spares  Cabinet 

25 

25 

Cable  Connectors 

15 

15 

CWI 

435 

435 

Total 

4,200 

4,682 

NOTE:  Original  cost  estimate  of  April  1968 
was  $2,300,000. 
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for  a MK  86  Mod  1 . Fiscal  year  information  and  cost  breakdowns 
were  not  included  with  this  estimate.  It  should  be  noted  that  the 
Mod  5 was  installed  on  the  DLGN  38  (now  CGN  38). 

The  next  two  existing  NAVORD  estimates,  were  for  systems 
to  be  installed  on  ships  of  the  DD  963  class.  The  first,  for  a MK  86 
Mod  5 GFCS,  was  dated  November  30,  1971  and  did  not  include 
any  fiscal  year  designation,  while  the  second  for  a MK  86  Mod  3 
GFCS  was  dated  December  10,  1971  and  was  calculated  in  FY  73 
dollars  (See  Table  E.70). 

It  is  interesting  to  note  that  of  all  the  estimates  available 
on  the  MK  86  GFCS,  only  the  above  two  were  classified  as  to  quality. 
These  were  listed  as  being  "F"  class,  a "ball  park"  estimate. 

In  sum,  it  is  noted  that  there  is  a significant  lack  of  cost 
information  for  this  system.  Moreover,  the  offices  (seven)  promul- 
gating estimates  for  the  MK  86  demonstrate  an  apparent  lack  of 
effective  management  in  the  cost  estimating  process. 
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Of  final  note  to  this  section  is  a letter  from  the  Commander, 
NAVORD  to  the  Chief  of  Naval  Material  dated  October  23,  1970 
stating: 

"A  representative  of  the  Office  of  Management  and  Budget 
has  requested  cost  data  on  those  MK  86  GFCS  currently 
under  contract.  Cost  data  is  not  available  at  this  time 
since  the  contract  has  not  been  completed." 

This  demonstrates  the  absence  at  that  time  of  data  banks  for  the  GFCS 
and  the  apparent  importance  of  contracting  data  in  the  estimating 
process. 

(2)  SEA  01  G And  SEA  06  Estimates  Developed  Primarily  In  1975  - 
1976  Though  Well  Documented,  Still  Contain  Discrepancies 

The  earliest  estimates  still  available  from  SEA  01  G and  SEA 
06  (the  project  office  for  the  MK  86),  were  dated  March  1973  and 
October  1975,  respectively.  Most  of  the  estimates  by  SEA  01 G were 
dated  from  September  to  November  1975  (1 1 out  of  17)  with  the  ones 
made  in  November  being  *he  latest  of  SEA  OlG's  estimates  on 
record.  The  estimates  in  the  record  from  SEA  06  primarily  were  (8 
out  of  13)  dated  October  22,  1975.  (See  Tables  E.72  and  E.73). 

i 

Although  the  estimates  from  both  of  these  offices  are  broken 
down  into  various  categories  and  supporting  documentation  has  been 
provided  for  individual  estimates,  there  exists  some  points  of  conten- 
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tion  which  are  not  addressed.  One  point  of  particular  interest  is  the 
unexplained  variation  in  hardware  costs  between  estimates  of  the  same 
fiscal  year  from  what  should  apparently  be  the  same  equipments.  For 
example,  the  FY  77  estimates  (Table  E.72)  for  the  MK  86  GFCS  Mod 
3 hardware  varies  between  $3,215,000  and  $6,110,000  while  the  hard- 
ware estimates  (Table  E. 73)  for  a MK  86  Mod  5 GFCS  vary  between 
$2,985,000  (FY  76)  and  $6,920,000  (FY  78)  in  SEA  06's  estimates. 
These  differences  are  particularly  perplexing  when  it  is  understood 
that  the  primary  source  of  data  used  by  both  offices  for  these  estimates 
has  been  contract  and  actual  cost  data. 

Other  components  of  the  cost  estimates  such  as  Installation 
and  Checkout  (l&C)  Spares,  System  Test  and  Evaluation,  and  Technical 
Data  and  Documentation  Requirements,  also  constitute  unexplained 
variations  for  the  same  system  and  fiscal  year. 

The  most  consistent  and  coordinated  estimates  were  those  gen- 
erated in  October  1973  by  SEA  01  G for  the  DD  963.  They  are  uni- 
form in  content  and  demonstrate  a consistent  cost  history  over  a three 
year  period.  However,  it  should  be  noted  that  subsequent  estimates 
were  the  result  of  simply  increasing  the  preceding  year's  estimate  by 
certain  inflation  factors. 
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TABLE  E.73 
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Besides  the  paucity  of  supporting  documentation  for  the  MK 
86  GFCS  cost  estimates,  the  format  inconsistency,  variations  in  esti- 
mate systems,  and  the  apparently  uncoordinated  efforts  in  generating 
these  estimates  are  not  conducive  to  the  development  of  specific  con- 
clusions. It  is  apparent  then  that  the  cost  estimating  effort  is  defici- 
ent as  evidenced  by  the  absence  of  documentation. 

(3)  Although  There  Have  Been  Three  Production  Contracts,  The 

MK  86  GFCS  Has  Not  Been  Opened  To  Competitive  Bidding 

The  first  production  contract  for  the  MK  86  GFCS  was  awarded 
to  Lockheed  Electronics  Co.  in  1970  for  sixteen  systems  for  DD  963 
class  ships,  LHA's  1-3,  and  the  CGN  37,  at  an  average  unit  price 
of  $3,774,313.  As  this  was  the  first  production  contract,  it  was  a 
Cost  Plus  Incentive  Fee  (CPIF),  contract  target  and  ceiling  costs  were 
negotiated.  Lockheed  was  to  receive  incentive  payments  for  any  cost 
savings  realized. 

Since  the  first  contract  was  definitized  in  1971,  there  have 
been  twenty-three  modifications  affecting  the  target  or  ceiling  prices. 
The  current  ceiling  price  is  approximately  $72,078,916.  The  primary 
cause  of  price  increases  has  been  due  to  design  and  engineering 
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changes.  However,  a group  of  miscellaneous  cost  drivers  including 
technical  monual  changes,  increased  supplies  of  certoin  materiol, 
specific  tests,  etc.,  is  the  couse  of  the  largest  number  of  chonges 
(1 1 out  of  the  total  23)  and  for  65  percent  of  the  volue  of  the  chonges. 
The  cost  difference  resulting  from  the  GFM  changes  netted  out  to  on 
octuol  reduction  of  obout  $225,000.  The  total  volue  of  oil  the  chonges 
is  approximately  $6.5  million  or  1 1 percent  of  the  original  target 
price . 

The  second  contract  (1973),  olso  with  Lockheed  Electronics, 
included  1 1 MK  86  Mod  3 and  4 GFCS's  and  options  for  14  MK  86 
Mod  3 GFCS's  for  the  DD  963  closs  ond  3 MK  86  Mod  5's  for  the 
CGN  38  class.  This  wos  a CPIF  contract  with  o target  price  of  $27.5 
million,  ceiling  price  of  $33  million  and  unit  hardware  price  of 
$2,628,909.  (These  figures  do  not  include  the  options.)  By  June 
1975,  oil  of  the  options  had  been  exercised,  increosing  the  target 
and  ceiling  prices  to  $74,181,591  and  $82,792,500  respectively. 

Since  contract  oword  there  hove  been  fifteen  controct  modi- 
fications, six  of  which  affected  the  cost.  Two  were  mentioned  obove 
os  enactment  of  the  options  while  four  were  due  to  design  modifications 
or  equipment  substitution.  The  net  result  of  these  four  modifications 
has  been  o $329,702  (1 .2  percent)  increose  of  the  torget  price  ond 
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$350,584  (1  .1  percent)  increase  of  the  ceiling  price. 

A third  CPIF  contract  was  negotiated  with  Lockheed  in  1975 
for  the  Iranian  DD's.  The  contract  price  for  four  systems  totalled 
$15,995,000  or  a unit  price  of  $3,998,750.  Since  the  Foreign  Mili- 
tary Sales  (FMS)  requirements  are  different,  the  above  unit  cost  should 
not  be  used  for  comparison. 

Although  the  contracting  office  would  prefer  to  open  procure- 
ment of  this  sytem  to  competitive  bids,  the  lack  of  procurement  plan- 
ning forces  them  to  rely  on  Lockheed  as  the  sole  source.  If  another 
firm  were  to  undertake  production  of  the  MK  86,  it  would  require 
several  months  of  lead  time  for  tooling-up  following  award  of  the 
contract. 


TABLE  E.  74 

PRODUCTION  CONTRACTS  FOR  THE  MK  86  GFCS 


Year  Quantity  Approximate  Average  Hardware  Price* 


1970 

16 

$ 3,774,313 

1973 

11  (28)** 

$2,628,909 

1975 

4 

$3,998,750 

* Target  price  at  time  of  contracting 

**  The  option  for  a total  buy  of  28  was  exercised 
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(4)  Historical  Data  Is  Incomplete  For  The  MK  86  GFCS 
And  Indicates  A Lack  Of  Estimating  Effort  And  Man- 
agerial Direction 

The  scarcity  of  recorded  data  on  the  cost  estimating  history  of 
the  MK  86  GFCS  prior  to  December  1973  for  the  CGN  41  has  pre- 
cluded a detailed  analysis  of  this  system  and  allows  only  a cursory 
review  of  the  process  which  could  be  misleading. 

From  what  is  available,  it  appears  that  the  in-house  estimating 
effort  was  limited,  primarily  relied  on  and  still  relies  on  contract  data 
and  mark-ups  for  escalation.  Data  banks  for  cost  estimating  informa- 
tion do  not  appear  to  exist  for  the  MK  86  GFCS. 

The  cost  estimating  effort  was  not  well  coordinated  and  was 
ill-defined  with  many  offices  promulgating  estimates  of  varying  qual- 
ity and  format  without  supportive  documentation.  These  conditions 
appear  to  have  been  remedied  to  some  extent  more  recently  with  SEA 
01  G serving  as  the  coordinator  of  the  estimates,  although  questions 
persist  regarding  the  variations  in  and  content  of  the  latest  estimates. 

* * ★ * * 
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The  following  is  a summation  of  the  cost  estimating  process  for  the 


MK  86  Gun  Fire  Control  System  (GFCS). 


Staffing  and  Organizational  Structure  — the  SEA  06  project 
office  is  not  presently  organized  or  staffed  for  cost  estimating 
the  MK  86  GFCS.  As  the  GFCS  has  been  in  production  since 
1970,  contract  prices  provide  cost  data  to  SEA  06.  In  general, 
cost  estimating  for  the  MK  86  GFCS  is  not  considered  an  im- 
portant function  in  NAVSEA  06. 

Data  Banks  — no  actual  cost  data  banks  were  found  although 
cost  information  is  scattered  throughout  SPD's,  SEA  01 G files 
and  contracts  in  SEA  02.  The  most  complete  cost  estimate 
information  can  be  found  in  the  SEA  01  G files,  however,  no 
back-up  information  exists  as  to  how  the  estimates  were  de- 
rived, i.e.,  based  on  contracts,  contractor's  advice,  past 
engineering  or  parametric  studies.  Nor  do  the  SEA  01 G esti- 
mates break  the  estimate  down  to  include  the  consituent 
line  items  of  the  total  cost. 

Return  Cost  — the  only  return  cost  information  was  found  in 
the  SEA  02  files  and  contracts. 

Escalation  and  Inflation  Predictions  — SEA  01 G now  has  cog- 
nizance of  this  function  but  did  not  when  this  system  first  came 
into  being. 

i Quality  vs.  Technical  Description  — the  MK  86  GFCS  has  at 
this  time  a stable  design  with  complete  and  accurate  technical 
baselines.  The  risk  factor  in  cost  estimating  should  be  low 
and  quality  of  estimates  high. 

Estimating  Response  Time  — a procedure  which  only  reviews 
the  latest  contracts  and  adds  inflation  factors  would  probably 
result  in  a short  response  time. 

Review  Procedures — there  was  no  evidence  of  review  procedures. 

Technical  Complexity  of  the  Estimates — the  technical  complex- 
ity of  the  estimates  is  very  low  since  an  estimating  technique 
which  consists  only^f  updating  contract  cost  data  requires  little 
else. 
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5. 


THE  AN/SQS-53  SONAR  IS  A SECOND  GENERATION  SONAR 


The  AN/SQS-53  Sonar  is  a modified  AN/SQS-26CX,  which  has 
been  installed  on  Navy  surface  ships  since  the  early  1960's.  It's  purpose 
is  to  provide  detection,  classification,  and  localization  of  underwater  tar- 
gets. 

The  AN/SQS-53  Sonar,  first  defined  in  1968,  has  been  installed  on 
DD  963  class  ships  and  the  AN/SQS-53A  on  the  CGN  38,  39,  40  and  41 
(were  DLG's).  The  CGN  42  and  the  DDG  47  class  ships  are  also 
to  receive  AN/SQS-53A. 

(1)  The  AN/SQS-53  Sonar  Did  Not  Follow  The  Normal  NAVSEA 
System  Equipment  Development 

The  AN/SQS-26CX  Sonar,  developed  in  the  early  1960's  to 
interface  with  the  Underwater  Battery  Fire  Control  System  (UBFCS) 
MK  114  (analog)  was  scheduled  for  installation  on  the  DD  963  and 
CGN  38  class  ships  which  are  equipped  with  the  UBFCS  MK  116 
(digital)  and  Command  and  Control  Systems  (digital).  During  the 
several  conferences  in  1967  between  the  Navy,  General  Electric 
(Sonar)  and  Librascope  (UBFCS)  on  sensor/weapons,  integration  it  was 
decided  that  modifying  the  AN/SQS-26CX  Sonar  to  provide  digital 
outputs  was  preferable  to  doing  the  necessary  data  conversions  in 
separate  converters.  Contract  N00024-68-C-1 160  was  awarded  in 
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March  1968  by  NAVSEA  to  the  General  Electric  Co.  to  define  the 
flow  of  digital  data  between  the  UBFCS  MK  116  end  the  AN/SQS-26CX 
and  to  provide  modifications  necessary  for  digital  interfaces.  This 
contract  was  extended  in  October  1968  and  resulted  in  an  advanced 
development  model,  which  was  successfully  tested  with  a digital 
AN/USQ-20(V)  computer.  The  extensive  changes  to  the  many  cabi- 
nets of  the  AN/SQS-26CX  Sonar  and  the  addit  ion  of  a new  cabinet 
necessitated  a change  of  nomenclature  to  the  AN/SQS-53  and  53A 
in  September  1971 . 

The  cost  of  the  AN/SQS-53  Sonar  is  included  in  the  DD  963 
shipbuilding  contract  between  the  Navy  and  Litton.  Litton  contracted 
directly  with  General  Electric  to  package  the  advanced  development 
model  to  meet  Navy  specifications. 

(2)  The  First  Two  AN/SQS-53A  Sonars  Procured  As  Government 

Furnished  Material  (GFM)  Were  Modified  AN/SQS-26CX 

Sonars 

i 

General  Electric  on  23  December  1970,  was  awarded  Con- 
tract N 00024-7 1 - C- 1 08 1 to  conduct  a comprehensive  analysis  of  the 
effort  and  time  required  to  modify  two  existing  AN/SQS-26CX 
Sonars  to  interface  with  the  UBFCS  MK  116-1.  The  contract  stated  that 
“interfaces  being  procured  were  to  be  identical  to  the  maximum  extent 


E-240 


possible,  to  the  Sonar/FC  interfaces  being  developed  for  the  DD  963 
program. " 

In  September  1971  General  Electric  was  awarded  a contract 
to  modify  two  government  furnished  AN/SQS-26CX  Sonars  to  AN/ 
SQS-53A  for  installation  on  the  CGN  38  and  39.  These  26  CX 
Sonars,  originally  scheduled  for  ships  deleted  from  the  shipbuilding 
program,  had  been  procured  in  January  1968  from  GE  at  a cost  of 
$1,880,302  each  and  were  subsequently  modified  at  a cost  of 
$1,032,800  each.  Thus,  the  unit  cost  of  the  modified  sonars  for  the 
CGN's  was  as  follows: 

Contract  N00024-68-C- 11 30  (Jan.  '68)  $1,880,302 

Contract  N 00024-72- C- 1064  (Sept.  '71)  SI, 032,800 

Total  Cost  $2,913,102 

The  only  estimate  required  was  for  the  modifications  to  the  above 
sonars.  The  original  estimate  (date  unknown)  of  $983,000  for  one 

modification  was  recorded  in  a handwritten  memo  between  SEA  06 

> 

offices,  dated  9/25/75.  The  actual  cost  of  one  modification, 
(Contract  N00024-72-C-1064)  was  for  $1,032,800  or  within  5 per- 
cent of  the  original  cost  estimate. 
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(3)  The  Only  Procurement  Of  The  AN/SQS-53A  Sonar  As  GFM 

Has  Been  For  The  CGN  40  and  CGN  41 

Cost  estimates  for  the  CGN  40  and  41  AN/SQS-53A' s 

were  found  in  a handwritten  memo,  PMS  302-22  of  19  December  1973, 

in  the  project  engineer's  files  which  listed  a number  of  estimates  for 

the  AN/SQS-53A  made  on  different  dates. 

Hardware  $3,721,278 

Engineering  Services  74,440 

$3,795,718 

Included  in  the  above  hardware  costs  are  items  2,  3,  and  4 as 
listed  below.  Contract  N00024-73-C-1222,  dated  February  2,  1973 
for  the  CGN  40  sonar  lists  the  following  items: 

Item  1 - AN/SQS-53A  Sonar  Set  (less  transducers  and  cables 


1 each) 

$2,375,950 

Item  2 - Transducer  Elements  for  item  1 

303,500 

Item  3 - Stave  Housing 

16,250 

Item  4 - Trunk  Cables 

26, 300 

Item  5 - Engineering  Services, 

Domestic 

(Est.)60,000 

Item  6 - Support  for  item  5 

Total 

(Est.)  10,000 

$2,792,000 

Contract  modifications  — 

Total 

229,421 

Actual  Cost 

$3,021,421 
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The  hardware  cost  estimate  plus  engineering  services 
($3,795,71 8),  when  compared  with  the  final  contract  cost  ($3,021, 
421)  shows  the  estimate  to  be  approximately  25  percent  high. 

For  contract  N 00024-74- C-l 179,  dated  March  4,  1974,  the 
CGN  41  sonar  shows  a final  cost  of  $3,232,250  as  compared  with  the 
cost  estimate  of  $3,795,718,  a difference  of  approximately  18  per- 
cent. 


Since  the  AN/SQS-53A  was  an  AN/SQS-26CX  with  cabinet 
changes  for  digital  transmission  plus  an  additional  cabinet  already 
developed  by  Litton  for  the  AN/SQS-53  for  installation  on  DD  963 
class  ships,  cost  estimating  the  well  defined  AN/SQS-53A  should 
not  have  been  too  difficult.  However,  the  overestimate  of  25  per- 
cent for  the  CGN  40  and  18  percent  for  the  CGN  41  is  considered 
excessive. 

t 

All  the  Navy  contracts  for  the  AN/SQS-53' s with  GE  were 
sole  source  fixed  fee,  since  GE  was  in  production  (DD  963). 

(4)  Future  Sonar  Contracts  For  The  CGN  42  And  DDG  47  Class 
Ships  Will  Reflect  Much  Higher  Cost 

PM S 389/VRH,  DDG  47/7 110.29  serial  05  of  10  June  1977 

states: 
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"It  came  to  light  after  the  FY  78  budget  submission  that  the 
AN/SQS-53A  would  increase  (costs)  almost  $3,000,000. 

This  is  primarily  due  to  the  Sonar  Modernization  program 
with  the  additional  hardware  requirements  and  allied  increases 
in  the  system  engineering,  documentation;  ILS,  etc." 


Increasing  costs  had  already  been  predicted  by  SEA  06  in 
Cost  Estimate  Documentation  Summary  Sheets  for  follow  systems  as 
indicated  below. 


TABLE  E.  75 

AN/SQS-53  PROJECT  OFFICE  ESTIMATES 


1 Vi  8/75  1 2/10/76  Difference 


Hardware 

Spares 

Engineering  Ser. 
Total 


$3,638,000 

120,000 

$3,758,000 


$4,960,769 

165,912 

$5,126,681 


+$1,322,769 

+ 45,912 

+$1,368,681 


(For  comparison  with  previous  Sonar  costs,  only  hardware  and  engi- 
neering services  are  listed. 


Although  the  above  ]2/]S/75  cost  estimate  is  close  to  the 
12/19/73  for  the  CGN  40  and  41  ($3,795,718)  the  12/10/76  estimate 
indicates  the  upward  cost  trend  noted  in  the  PMS  389  letter  of  10  June 
1977. 
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(5)  Comparison  Of  Contract  Casts  For  The  AN/SQS-53  And 
AN/SQS-53A  Show  Small  Differences 

The  53  and  53A  sonars  are  physically  and  functionally  the  same 
and  have  identical  interfaces  between  the  digital  MK  116-0  UBFCS  for 
the  DD  963  class  and  the  MK  116-1  UBFCS  for  the  CGN  38  class  ships. 
Litton  purchase  order  ^21 -02-A04002-01  of  5/18/72  was  with  GE  for 
nine  AN/SQS-53  sonars  (first  increment  of  30  total)  to  be  installed  on 
the  DD  963  class  ships  as  contractor  furnished  equipment.  The  Navy 
contracts  for  the  CGN  40  and  41  sonars,  previously  discussed 
are  Government  Furnished  Equipment.  The  following  is  a comparison 
of  their  costs. 

TABLE  E.  76 

DD  963  AND  CGN  SONAR  CONTRACT  PRICES 

Unit  Price 

DD  963  (CFE)  $3,186,437 

CGN  40  (GFE)  $3,021,421 

CGN  41  (GFE)  $3,232,250 

The  small  difference  in  casts  could  be  attributed  to  GE  viewing  the  Navy 
buy  of  two  sonars  as  an  extension  of  the  Litton  contract  signed  on  May 
18,  1972  since  the  requirements  of  Navy  contracts  N00024-73-C-1222 

I 

dated  February  2,  1973  (Procurement  Request  (PR)  circulated  in  mid  1972) 
and  N 00024- 74- C-l  179  dated  March  4,  1974  (PR  in  late  1973)  were  no 
doubt  known  by  GE.  It  would  be  logical, therefore  that  the  Litton  and 
Navy  purchases  of  almost  identical  sonars  were  almost  Identical  in  cost. 

***** 
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The  following  is  a summation  of  the  cost  estimating  process  for  the 


AN/SQS-53/53A  Sonars. 


Staffing  and  Organizational  Structure  — the  cost  estimates 
were  well  managed. 


Data  Banks — the  cost  information  was  readily  available  and 
tracked  the  cost  history. 


Return  Costs  — copies  of  the  contracts  and  the  changes 
thereto  provided  good  return  cost  information. 

Escalation  and  Inflation  Predictions — SEA  01  G has  general 
cognizance  of  these  predictions  and  will  add  on  the  inflation 
factors  for  SCN  monies. 

Quality  vs.  Technical  Description  — the  sonar  has  a stable 
design  with  complete  and  accurate  descriptions  and  complete 
cost  information  is  available.  However,  the  quality  of 
estimates  were  marginal  as  they  were  on  the  high  side  (approx. 
17  percent  and  25  percent.) 

Estimating  Response  Time  — cost  data  from  Litton  was  readily 
available. 

Review  Procedure  — acceptable. 

Technical  Complexity  of  the  Estimates — the  technical  com- 
plexity was  low  since  Litton  contract  update  data  was  used. 
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6. 


THE  CLOSE  IN  WEAPON  SYSTEM  (PHALANX  CIWS)  WAS 

DEVELOPED  IN  A COST  CONSCIOUS  ATMOSPHERE 


The  PHALANX  CIWS  is  an  automatic,  self-contained  unit  consisting 
of  a search  and  track  radar,  digitized  fire  control  system,  and  a 20  mm 
Vulcan  gun.  The  system  is  mounted  in  a single,  above  deck  structure  requir- 
ing a minimum  of  interface  with  other  shipboard  systems. 

In  its  primary  operational  sequence,  the  search  radar  normally  detects 
and  evaluates  a potential  target  by  comparing  target  parameters  (speed  and 
angle  of  appraoch)  with  potential  threat  data  stored  in  the  fire  control  com- 
puter. 


After  the  target  is  declared  a threat,  it  is  tracked  by  the  radar.  The 
system  begins  firing  a stream  of  projectiles  timed  so  that  the  first  projectiles 
arrive  in  the  vicinity  of  the  target  when  the  target  has  closed  to  a preselected 
intercept  range.  From  that  point  on,  the  fire  control  computer  compares  the 
incoming  target  with  the  centroid  of  the  stream  of  projectiles  in  the  vicinity 
of  the  target  and  generates  aiming  orders  to  the  gun  to  bring  the  stream  of 
projectiles  onto  the  target.  Thus,  the  system  is  expected  to  automatically 
detect,  track,  engage,  kill,  and  return  to  search. 

The  CIWS  is  a fast  reaction  system  designed  specifically  to  fulfill 
the  “last  ditch  defense"  concept  against  all  low-flying,  high  speed  antiship 
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missiles.  It  is  designed  for  a quick  and  inexpensive  installation  on  surface 
ships  and  requires  only  ship's  power  and  coolant  water  for  operation. 

(1)  The  CIWS  Project  Has  Been  In  Research  And  Development 

Since  The  Late  i 960's 

In  1966,  the  Chief  of  Naval  Operations  sought  proposals  from 
industry  for  a lightweight  gun  system  capable  of  defending  ships  from 
attacks  by  antiship  cruise  missiles.  In  1968,  the  General  Dynamics 
Corporation  responded  with  a proposal  for  the  PHALANX.  Follow- 
ing concept  formulation  and  feasibility  tests,  the  program  entered 
the  engineering  development  phase  in  December  1970.  Under  this 
effort,  two  prototypes  were  fabricated  and  delivered  for  testing. 

Unlike  other  weapons  systems  being  studied,  the  CIWS  project 
has  no  procurement  history.  Although  procurement  was  originally 
planned  for  an  earlier  period,  first  production  runs  are  now  planned 
for  June  1979. 

Due  to  the  R&D  status  of  the  project,  a study  of  cost  estimating 
performance  primarily  relates  to  the  ability  of  project  and  contractor 
personnel  to  correctly  estimate  the  end  cost  of  the  R&D  process.  Be- 
yond that,  the  development  of  a procurement  price  and  its  subsequent 
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use  for  both  project  and  budget  purposes  can  be  traced. 


It  should  be  noted  at  the  outset  that  there  are  several  distinct 
phases  of  the  Research  and  Development  effort. 


Between  1969  and  late  1973,  the  plan  was  to  develop 
in  quick  succession,  prototypical  and  operational 
suitability  models  with  heavy  reliance  on  simulation 
and  increasingly  stringent  phased  testing  of  some  nine 
or  ten  early  units. 

During  1973,  Defense  Department  policy  took  on  the 
form  of  "fly-before-buy"  a concept  requiring  consider- 
able change  in  the  method  of  producing  and  testing 
the  early  CIWS  units.  Emphasis  was  placed  on  com- 
prehensive testing  on  only  a few  lead-weapon  units. 
This  approach  caused  a complete  re-appraisal  of 
projected  costs  when  resulted  in  a tripling  of  expected 
R&D  end  cost. 

Since  late  1973,  the  final  phase  has  been  in  effect 
and  is  showing  steady  progress  to  target  cost  despite 
testing  and  funding  difficulties. 


(2)  The  CIWS  Program  Has  Incurred  A Delay  Of  Thirty  Months 
Due  To  Direction  Changes,  Testing  Problems  And  Congres- 

sional Modification  Of  Planned  Expenditures 


The  original  plan  for  development  of  the  CIWS  subsequent  to 
the  CNO  request  for  proposals  in  1966  was  as  follows: 


Construction  of  pre-prototype  unit  for  engineering 
tests. 
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. Construction  of  two  prototype  units  for  at-sea  and 

RMA  testing. 

. Construction  of  six  to  nine  Operational  Suitability 

Models  (OSM)  for  at-sea  testing  and  to  develop  pro- 
duction procedures. 

. Production  of  368  units  (includes  6 OSMs)  between 

FY  73  and  FY  79. 

Figure  E.  15  , which  follows,  identifies  the  12  milestones 
which  were  planned  to  successfully  complete  the  program..  Figure 
8.16  shows  schematically  the  original  events  versus  actual  events, 
emphasizing  the  program  delays  beginning  at  Event  Seven  — Award 
Contract  for  the  Operational  Suitability  Model . 


The  reasons  for  delay  (as  keyed  on  Figure  E.15  ) beginning 
subsequent  to  the  "direction  change"  and  into  the  second  phase  of 
development  are: 

. Extended  land-based  testing  and  bad  weather. 

. Decision  to  use  Prototype  ^2  as  testing  a model  for 

life  of  program. 

. Reprogramming  action  by  Congress  seven  months 

after  contract  was  ready  to  execute.  Further 
delay  after  Congress  reduced  Operational  Suitability 
Model  (OSM)  buy  from  six  to  option  for  one.  Option 
for  one  exercised  1 March  1976. 


These  events  are  functions  of  the  Congressional  hold- 
ing action.  The  option  for  one  OSM  was  exercised  in 
March  1975  with  actual  delivery  in  November  1976 
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FIGURE  E.  15 


CIWS  PROGRAM  EVENTS 


Delay 

Event 

Planned 

Actual 

M os. 

Reasons 

1 . Award  contract  and  start  Engineering 

December  1970 

December  1970 

0 

Development 

2.  Complete  fabrication  of  Engineering 

May  1972 

May  1972 

0 

Development  Model  (pre-prototype) 

3.  Complete  testing  of  pre-prototype 

Sept3mber  1972 

September  1972 

0 

4.  Complete  testing  of  Prototype 

December 

December 

0 

^1  and  *2 

5.  Complete  At-Sea  Test  of  Prototype 

November  1973 

March  1974 

4 

(i) 

6.  Complete  RMA  proofing  of  Pioto- 

December  1973 

NA 

4 

(2) 

type  *2 

7.  Award  contract  for  Operational 

November  1973 

June  1974 

7 

(3) 

Suitability  Model  (OSM)  program 

8.  Deliver  OSM  *1 

November  1974 

November  1976 

24 

(4) 

9.  Commence  At-Sea  Test  of  OSM  *1 

February  1975 

May  1977 

27 

(4) 

10.  Complete  At-Sea  Test  of  OSM  ^1 

July  1975 

July  1977 

24 

(4) 

1 1 . Award  Production  Contract 

July  1975 

October  1977 

27 

(5) 

12.  First  Production  Run 

January  1977 

June  1979 

30 

(6) 

Reasons  for  Delay 

(1)  Extended  land-based  testing  and  bad  weather. 

(2)  Decided  to  use  Prototype  *2  as  testing  model  for  life  of  program. 

(3)  Reprogramming  action  acted  on  by  Congress  seven  months  after  con- 
tract ready  to  execute.  Further  delay  aftei  Congress  reduced  Oper- 
ational Suitability  Model  (OSM)  buy  from  six  to  option  for  one. 

Option  for  one  exercised  1 March  1976. 

(4)  These  events  are  a function  of  the  Congressional  holding  action. 

The  option  for  one  OSM  was  exercised  in  March  1975  with  actual 
delivery  in  November  197a  (8  months).  Testing  of  the  OSM  was 
correspondingly  delayed.  Although  program  delays  are  approximately 
two  years  at  this  point,  once  the  one  OSM  was  authorized  for  com-  . 
pletion,  the  contractor  cut  four  months  off  the  original  planned  time 
for  award  and  delivery  of  the  OSM  and  two  months  off  the  originally 
planned  time  for  at-sea  testing.  RDT&E  budget  cuts  by  Congress 
also  contribute  to  the  general  slowdown  in  progress. 

(5)  Last  three  months  delays  due  to  preparation  for  DSARC  III,  expected' 

in  September  1977.  , 

(6)  At  DSARC  III  approval,  full  scale  production  will  occur;  the  estimated 
27  month  lag  is  necessary  for  set  up  af  production  facilities. 


(8  months).  Testing  of  the  OSM  was  correspondingly 
delayed.  Although  program  delays  are  approximately 
two  years  at  this  point,  once  the  one  OSM  was  author- 
ized for  completion,  the  contractor  cut  four  months  off 
the  original  planned  time  for  award  and  delivery 
and  two  months  off  the  originally  planned  time  for  at- 
sea  testing.  RDT&E  budget  cuts  by  Congress  also 
contribute  to  the  general  slowdown  in  progress. 

Last  three  months  delays  due  to  preparation  for  DSARC 
III,  expected  in  September  1977. 

At  DSARC  III  approval,  full  scale  production  will  occur; 
the  estimated  27  month  lag  is  necessary  for  set  up  of 
production  facilities. 


At  this  time,  the  CIWS  appears  to  be  operating  at  or  over  design 
requirements.  As  a result,  production  quantities  (R&D  plus  procurement) 
have  been  increased  to  437  units,  434  of  which  are  to  be  produced  be- 
tween FY  78  and  FY  83.  321  of  the  units  are  identified  in  the  WPN 
appropriation  for  back-fit  on  operating  ships;  1 1 3 are  for  new  ships 
in  the  SCN  appropriation;  the  remaining  three  are  the  RDT&E  units. 


(3)  The  Estimate  For  Research  And  Development  (R&D)  Expendi- 
tures Shows  A High  Degree  Of  Accuracy 

R&D  programs  are  notable  for  their  cost  growth.  Development 
of  new  weapons  is  subject  to  unkowns  of  many  kinds.  Estimated  costs 
for  the  CIWS  in  the  R&D  phase  — once  the  system  requirements  be- 
came fairly  stable  in  1972  — are  within  two  percent  of  projected 
costs. 
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The  Decision  Coordination  Paper  (DCP)  for  CIWS  which  reflected 
the  first  development  philosophy  shows  an  end  cost  estimate  for  R&D  of 


$42.2  million.  During  the  change  in  approach,  this  was  raised  $10 
million  and  finally,  once  a new  direction  was  developed,  a cost  of 
$123  million  was  estimated.  The  R&D  estimate  history  from  January  3, 
1973  to  March  31,  1977  is  shown  In  Table  E.77. 


Table  E.78  shows  project  cash  flow  since  1969  and  it  is  clear 
that  since  the  estimate  was  placed  at  the  $121  to  $127  million  level, 
little  variance  from  target  has  been  experienced.  Supplementary  data 
regarding  expenditures  is  shown  as  Table  E.79. 


(4) 


The  Unit  Cost  Of  The  CIWS  Rose  59  Percent  From  A Planned 
$1.54  Million  To  $2.44  Million 


DCP  ^88  was  prepared  for  DSARC  II  on  the  CIWS  on  3 January 
1973.  At  that  time  368  production  units  and  two  prototypes  were 
planned  at  a cost  of  $1 .536  million  per  copy.  The  threshold  stated 
in  the  DCP  was  $1.8  million  per  copy.  The  total  RDT&E  and  procure- 
ment costs  were  estimated  at  $568.5  million.  Table  E.80  is  a tabulation 
of  these  estimates  and  those  discussed  in  subsequent  paragraphs. 
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C1WS  SUPPLEMENTARY/EXPENDUTURE  DATA 
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TABLE  E.80 


CIWS  COST  GROWTH  SUMMARY 


3/77 


R&D  (1) 

/ n \ 

1/73 

6/73 

12,-73 

6/74 

12/74 

12/75 

Current 

42.2 

53.0 

123.1 

123.4 

119.6 

127.7 

126.4 

Procurement' 

526.3 

490.5 

517.1 

579.6 

716.9 

806.2 

943.6 

Program  Estimate  ^ 

568.5 

543.5 

640.2 

703.0 

836.5 

933.9 

1070.0 

Units 

370 

370 

367 

367 

364 

362 

437 

Average  Unit 

Cost  0) 

1.54 

1.47 

1.74 

1.92 

2.30 

'2.58 

2.45 

(1)  Figures  In  Millions  of  Dollars 


Figures  E.17  and  E . 1 8 show  a breakdown  of  the  overall  cost 
growth  from  $568.5  to  $1,070.0  million  in  constant  FY  1972  dollars. 

As  of  30  June  1973,  optimisim  prevailed  and  the  operative 
numbers  were  reduced.  The  370  units  were  now  to  cost  $1  .469  million, 
making  a program  total  of  $543.5  million.  This  net  reduction  was 
attributed  to  (1)  expenditures  not  included  for  FY  69-70  concept 
formulation  and  cost  of  firing  tests  against  tactical  missiles  (+  $10.8 
million);  and,  more  importantly,  (2)  the  production  schedule  re- 
structure involving  benefits  from  the  intermediate  production  (OSM) 
phase  (-  $35.8  million). 


FIGURE  E J7 


• PROPORTION  OF  MAJOR  CATEGORIES 

TO  TOTAL  PROJECT  COST 

CIWS 


AS  OF  DATE 


FIGURE  E.  18 

DOLLAR  GROWTH  OF 
MAJOR  CATEGORIES 
CIWS 


AS  Of  DATE 


□ ESC AL  I ] PROCURE  MENT  A & D 


SOURCE* 

CIWS  SELECTED 
ACQUISITION  REPORTS 


I 


The  procurement  plan  estimated  for  the  number  of  units  to  be 
purchasea  has  remained  fairly  stable  from  program  inception  in  January 
1973  (368  units)  until  recently  when  the  number  of  units  increased  to 
434. 


Several  facts  stand  out  in  reviewing  the  reasons  for  the  cost 
growth  evidenced  in  the  previous  table. 


The  prototype  "fly-before-buy"  decision  and  testing 
problem  caused  an  adjustment  in  RDT&E  costs;  once 
the  adjustment  is  made,  however,  it  remained  stable 
(total  increase  approximately  $84  million) 

The  procurement  cost  increase  of  $417  million  is  due 
primarily  to  — 

An  increase  of  66  units  valued  at  approximately 
$145  million. 

About  $270  million  of  escalation  due  to  extension 
of  building  period  from  1974-1977  to  1978- 
1983. 
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To  explain  the  cost  growth  in  more  detail,  the  following 


SAR  information  is  provided: 

TABLE  E— 8 1 

CIWS  COST  GROWTH  ANALYSIS 

($  in  millions) 

FY  1972  Constant 


Cost  Growth  Categories 

Development 

Procurement 

SubTotal 

Escalation 

Total 

Development  Estimate 

38.8 

435.9 

474.7 

93.8 

568. 5^) 

Economic  (a) 

- 

- 

- 

+52.7 

+52.7 

Schedule  (b) 

- 0.9 

+25.9 

+25.0 

+88.5 

+113.5 

Estimating  (c) 

+ 4.4 

+ 4.0 

+ 8.4 

+ 1.9 

+ 10.3 

Support  (d) 

+43.6 

+ 14.9 

+58.5 

+43.1 

+101.6 

Engineering  (e) 

+29.7 

+34.4 

+64.1 

+51.8 

+115.9 

Unpredictable  (f) 

+23.6 

-23.2 

+ 0.4 

- 

+ 0.4 

Quantity  (g) 

-30.7 

+88.1 

+57.4 

+49.7 

+107.1 

Total  Changes  Since  DCP 
0/73) 

+69.7 

+144.1 

+213.8 

+287.7 

+501.5 

Current  Estimate 

+108.5 

+580.0 

+688.5 

+381.5 

+1070.0  @) 

Current  Estimate  - Program  Unit  Cost  $2.44'  M 
Original  DCP  Decision  Program  Cost  $1,536  M 
Original  DCP  Threshold  Program  Cost  $,2.00  M 


(1)  Based  on  two  development  units  and  368  procurement  units 
as  of  March  1973  SAR. 

(2)  Based  on  three  development  units  and  434  procurement  units 
as  of  March  1977  SAR. 
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As  keyed  to  the  letters  on  the  preceding  table,  the  following 
are  the  Navy's  explanations  of  the  growth  as  shown  in  the  SAR  format: 


(a)  This  figure  includes  $1 .3  million  for  development  and  +$51  .4 
million  for  procurement.  This  escalation  reflects  changes  in 
OSD  inflation  rates  over  the  R&D  period,  not  as  a result  of 
changes  or  slippages  in  the  program. 

(b)  The  bulk  of  the  growth  is  caused  by  a revised  production  period 
from  FY  74  through  FY  80  inclusive,  to  FY  77  through  FY  83. 
The  slippage  was  caused  by  denial  of  production  funds  and 
additional  testing  required  by  Congress.  Also  the  production 
period  was  extended  back  to  six  years. 

(c)  The  cost  growth  in  estimating  reflects  four  changes:  1)  funds 
not  originally  programmed  for  CIWS  (+52.4  million);  2)  funds 
spent  for  feasibility  program  in  FY  69  and  FY  70  (+$3.5 
million);  3)  FY  75  appropriation  reprogramming  (-$1  .5  million); 
and  4)  adjustment  of  FY  78  production  learning  curve  from  87 
percent  to  90  percent  (+$4.3  million  WPN,  +$1  .6  million 
SCN). 

(d)  Added  costs  for:  1)  expanded  test  and  evaluation  (includes 
test  against  tactical  targets,  +$38.7  million);  2)  funds  for 
final  payment  on  OSM  (+$14.8  million). 

In  the  production  support  area:  1)  denial  of  production  funds 
(+$15.4  million),  additional  testing.  Increased  material  cost 
(+$4.4  million);  2)  added  spares  for  Increased  quantities; 

3)  recomputation  of  spares  on  a new  percentage  (20  percent) 
and  slippage  of  spares  procurement  to  FY  80  and  FY  81;  4) 
reduction  in  SCN  units  which  led  to  support  reduction  for 
AO  177  and  CSGN. 

(e)  Development  and  implementation  of  design  changes  (+$91 .1 
million);  and  a higher  RDT&E  funding  level  for  FY  77,  78  and 
79  for  contract  cancellation  costs,  maintaining  a small  govern- 
ment and  contractor  team  until  FY  76/FYTQ  budget  approval, 
and  funds  to  increase  the  CIWS  capabilities  (+$24.8  million). 
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(f)  Effect  of  reprogramming  in  FY  74-75  (+$0.5  million); 
Congressional  reprogramming  of  $23.2  million  from  FY  73 
to  FY  74  RDT&E;  and  FY  78  budget  request  adjusted  to  $6.9 
million  from  $7.0  million. 

(g)  Congressional  reduction  of  FY  75-76  TQ  requests  equals  de- 
crease of  five  OSMs  (-$35.3  million);  Congress  had  originally 
transferred  six  units  from  procurement  to  R&D  and  then  reduced 
the  units  to  one.  Also,  the  Navy  made  adjustments:  1)  +$75.5 
million/35  units  FY  79-83  WPN;  2)  -$19.3  million/-eight 
units  FY  78  SCN;  3)  +$111.0  million/60  units  FY  79-83  SCN. 
Later  SCN  units  were  reduced  — AO  177-179  lost  six  units 
(-$15.7  million)  and  CSGN  lost  six  units  (-$9.1  million). 


To  summarize,  then,  the  cost  growth  is  at  least  57  percent 
escalation,  another  11  percent  for  quantity  changes,  13  percent  for 
engineering  and  12  percent  for  support  costs.  The  chart  following 
illustrates  this. 


FIGURE  E.  19 

SUMMARY  OF  CIWS  COST  GROWTH 
BY  CONTRIBUTING  FACTORS 
($  IN  MILLIONS) 


SOURCE- 

CIWS  SELECTED 

ACQUISITION  REPORTS 
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(5)  The  CIWS  Project  Being  R&D  Oriented  Hos  Been  Characterized 
By  Developmental  And  Engineering  Problems 


The  following  is  a summary  of  the  kind  of  problems  which  charac- 
terize the  program: 


In  1973  — 

The  weight  of  the  prototype  exceeded  the  DCP 
threshold  of  11,000  pounds,  with  a full  magazine 
of  ammunition.  The  prototype  weighed  in  at 
1 1 ,700  pounds  with  an  additional  200  pounds 
expected  for  increased  electronics  cooling 
capacity.  This  problem  is  not  expected  to 
affect  the  abilities  or  use  of  the  CIWS,  but 
weight  reductions  will  be  contemplated  in  the 
OSMs. 

Additional  funds  and  time  was  alloted  to  conduct 
tactical  firing  tests  of  the  system  against  war- 
head configured  missiles. 

At-sea  testing  of  Prototype  ^1  on  the  U.S.S. 
KING  against  towed  targets  proved  accurate  in 
most  cases. 

The  reliability,  maintainability  and  availability 
proofing  effort  on  Prototype  ^2  was  extended 
one  year  to  redesign  the  high  voltage  power 
supply  and  RF  transmitter. 

- Congress  decided  to  keep  the  CIWS  program  in 

the  R&D  stage  for  further  testing  and  to  increase 
its  capabilities. 

In  1974  — 

Further  testing  of  Prototype  ^1  on  the  U.S.S. 
KING  proved  the  system  below  specifications 
in  the  area  of  system  reliability. 
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Further  concerns  by  Congress  led  to  the  re- 
quirements of  1)  additional  testing  against 
tactical  missile  targets  carrying  live  warheads; 
and  2)  additional  research  to  develop  and 
evaluate  growth  options  to  meet  future  threats. 

Prototype  ^1  fell  below  specifications  in  avail- 
ability. Additionally,  the  testing  showed  the 
need  to  improve  remote  control  instrumentation, 
improve  generator  power  supply  reliability, 
and  improve  control  procedures. 


- In  addition,  the  prototype  has  shown  a tendency 
to  track  and  declare  as  threats  large  objects 
such  as  stationary  land  masses. 

In  1975  — 

Testing  of  Prototype  #1  was  hampered  by  mooring 
and  weather  problems. 

- A large  percentage  of  the  tests  scheduled  to  be 
conducted  on  Prototype  ^1  after  installation  at 
the  Navy's  land-based  test  site  at  St.  Nicholas 
Island  were  not  completed.  Some  of  the  cancel- 
lations were  due  to  system  failures. 

- During  the  testing  at  St.  Nicholas  Island,  some 
problems  developed  in  firing  tests  against  low 
flying  aerial  targets.  The  difficulties  were 
attributed  to  computer  software  problems. 

The  CIWS  tracks  its  own  projectiles  to  correct 
aiming  deficiencies  and  the  testing  has  shown 
results  below  required  specifications. 

Testing  has  shown  some  problems  in  hitting  the 
crucial  areas  of  the  target. 

- The  International  Machinist  Union  at  General 
Dynamics  went  on  strike  in  June  1975.  Man- 
agement and  non-striking  personnel  continued 

to  work  on  the  OS  Ms,  but  some  delays  occurred. 

E-265 

i 


i 


By  June  1975,  the  reliability  and  availability 
of  both  Prototype  ^1  and  ^2  had  increased. 
Prototype  ^1  had  demonstrated  a MTBF  slightly 
below  specifications  and  availability  which 
met  specifications.  Prototype  ^2  averaged 
at  an  even  higher  percent  availability  due  to 
its  reliability  upgrade  effort. 

Congress  withheld  funds  for  FY  76  because  of 
inadequate  testing  against  realistic  targets 
and  possibility  of  early  obsolescence. 


In  1976  and  1977,  continuing  reliability  upgrade  programs 
on  Prototype  ^2  and  lessons  learned  from  at-sea  testing  of  Prototype 
^1  have  helped  to  correct  many  of  the  problems  and  deficiencies  of 
the  CIWS. 


The  testing  of  the  CIWS  Operational  Suitability  Model  has 
been  encouraging.  The  firing  record  against  selected  targets  has 
been  excellent.  Reliability  has  also  improved.  The  currant  MTBF 
is  significantly  higher  than  the  DCP/SOR  specifications.  The 
OSM  was  able  to  function  over  a sustained  period  without  any  main- 
tenance. 


In  addition,  the  system  has  improved  significantly  in  detect- 
ing selected  targets  against  large  background  objects. 
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(6)  NAVSEA,  Starting  With  The  Hardware  Procurement  Cost, 
Estimates  The  Cost  Of  Installation  Add-Ons 


Two  appropriations  are  applicable  for  CIWS  budgeting. 

. WPN  appropriation  for  back-fitting  CIWS  during 

overhauls  on  ships  of  the  fleet. 

. SCN  appropriation  for  CIWS  installation  on  new  ships 

or  modernization  programs. 

The  estimates  prepared  for  these  appropriations  reflect  add- 
ons for  cost  necessary  to  install,  test  and  prove  the  weapon  on  a 
ship.  These  vary,  of  course,  on  whether  the  ship  is  in  new  construc- 
tion or  alteration. 

The  present  practice  of  NAVSEA  01  G in  estimating  for  the 
SCN  budget  is  shown  in  Tables  E.82  and  E.83.  It  is  significant  to 
note  the  basic  hardware  cost  of  the  CIWS  compared  with  the  costs 
after  the  addition  of  supporting  and  installation  charges  which  shows 
a difference  of  over  $3  million  for  the  FY  77  lead  system.  Of  this 
total,  $61,000  applies  to  the  CIWS  gun  itself.  Almost  $640,000 
applied  to  engineering  support  charges.  In  addition  there  are 
substantial  installation  charges  included  in  each  ship  estimate.  The 
CIWS  project  office  and  SEA  01 G disagree  on  costs  for  engineering 
support  and  installation.  Costs  will  vary  between  ship  types,  but 
based  on  actual  costs  during  R&D,  the  CIWS  Project  Offices  rates 
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TABLE  E.82 


NAVSEA  01G  COST  ESTIMATES  - C1WS 

(All  Ships) 

(Dollars  in  Thousands) 


Lead  System 

Lead  System 

Follow  System 

Follow  System 

FY  77 

FY  78 

FY  77 

FY  78 

Estimate 

Estimate 

Estimate 

Estimate 

Equipment  Costs 

Hardware 

2,600 

2,615 

2,600 

2,615 

Remote  Control  Indicators 

85 

- 

85 

- 

Peculiar  Support  Eng. 

130 

- 

130 

- 

Production  Support 

127 

- 

127 

- 

GFE  - gun 

61 

60 

61 

60 

Ordalts 

30 

- 

30 

- 

Shipping  Fixtures 

12 

13 

12 

13 

Project  Management 

12 

13 

12 

13 

1 & C Spares 

150 

268 

150 

268 

Design  Eng.  Changes 

601 

268 

601 

268 

Test  Equipment 

73 

79 

73 

79 

Initial  Spares/Support 

480 

536 

480 

536 

Tech.  Data,  Doc.,  OD's 

58 

50 

23 

9 

ILS  Management 

49 

14 

49 

14 

QA  and  RMA 

84 

11 

84 

11 

47552“ 

3,927 

4,517 

3,886 

Growth  10% 

455 

393 

452 

389 

5,007 

4,320 

4,969 

4,275 

Engineering/Support  Related 

639 

647 

289 

305 

(See  Table  5A) 

Total  Estimate: 

Equipment/Support 

Costs 

5,646 

4,967 

5,258 

4,580 

Projected  197.9  Estimates 

5,295 

4,882 
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TABLE  E.83 


NAVSEA  01 G COST  ESTIMATES  — CIWS 
INSTALLATION  COSTS 
(Dollars  In  Thousands) 


Lead  System 

Lead  System 

Follow  System 

Follow  System 

FY  77 

FY  78 

FY  77 

FY  78 

Estimate 

Estimate 

Estimate 

Estimate 

A . Installation/Support  Related 
Lost 


PHS  & T 

18.5 

20 

18.5 

20 

Firings 

26.8 

29 

5.5 

6 

CAMS 

13 

14 

11.1 

12 

EMC 

13 

14 

4.6 

5 

SOS 

1.8 

2 

1.8 

2 

Publications 

3.7 

4 

3.7 

4 

SEA  651  Sys.  Eng. 

49.8 

54 

18.5 

20 

COT 

14.8 

16 

9.2 

10 

141.0 

153.0 

73.0 

79.0 

Engineering  Support 

Contractor  Field  Eng.  Serv. 

80 

91 

40 

50 

Gov't.  Field  Eng.  Serv* 

134 

100 

67 

59 

Systems  Engineering 

185 

200 

42 

45 

SQT 

41 

44 

41 

44 

440 

435 

190 

198 

Growth  10% 

58 

59 

26 

28 

Total  Engineering/Support 

Related  Costs 

639 

647 

289 

305 

NOTE:  Source  for  all  numbers  and  assumptions  is 
NAVSEA  01 G. 
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the  NAVSEA  01  G estimates  as  high.  There  is  little  disagreement 
between  NAVSEA  01 G and  the  project  office  over  the  hardware 
estimates. 

NAVSEA  01  G utilizes  a generalized  format  involving  certain 
percentages  for  supporting  costs  (according  to  some  sources  there  is 
no  rationale  for  the  percentages  used).  For  example,  the  percentages 
used  for  design  engineering  charges  and  various  field  and  systems 
engineering  changes  were  high.  The  reason  for  this  is  the  extensive 
R&D  which  involves  prototypes  and  OSMs,  and  the  fact  that  CIWS  is 
a stand-alone  system. 

The  SEA  01 G generalized  format  is  based  on  weapons  systems 
requiring  extensive  engineering  and  integration,  complicated  instal- 
lation and  extensive  testing.  No  attempt  is  made  to  examine  weapon 
systems  on  an  individual  basis  to  determine  individualized  support- 
ing and  installation  charges  required.  Presently,  there  are  still 
some  small  disagreements  between  NAVSEA  01 G and  the  CIWS  pro- 
ject office  on  the  CIWS  pricing  philosophy. 

The  estimates  for  WPN  units  also  have  add-on  charges,  but 
not  to  the  extent  used  for  SCN.  The  WPN  figure  for  FY  1977  is 
estimated  at  $3.2  million  — a 23  percent  increase  over  basic  hard- 
ware costs  as  opposed  to  over  a 100  percent  increase  in  SCN  estimates. 
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(7)  The  Project-  Team  For  C1WS  Is  A Small  Result  -Oriented  Group 


The  CIWS  project  group  is  small,  well-managed  and  enthusiastic 
about  the  Close-In  Weapons  System.  This  attitude  and  dedication  is 
reflected  in  the  progress  of  project  events. 

Cost-related  decisions  are  made  after  careful  review  of  informa- 
tion provided  by  several  sources. 


General  Dynamics,  the  CIWS  contractor,  has  an  exten- 
sive estimating  and  cost  control  section  under  the  direc- 
tion of  the  Assistant  Controller.  Two  estimates  are  made 
in  this  division,  totally  independent  of  each  other.  The 
first  estimate  is  an  engineering  estimate  based  on  actual 
data  utilizing  the  first  prototype  as  the  baseline.  The 
engineering  estimate  is  compiled  by  an  in-house  com- 
puter system  called  Automated  Inter- Divisional  Estima- 
ting System  (AIDES). 

The  second  independent  estimate  is  a parametric  estimate 
developed  by  utilizing  the  RCA  Computer  Cost  Predic- 
tion Model  (PRICE).  The  PRICE  parametric  estimates 
have  been  extremely  accurate  to  date  when  compared 
with  engineering  estimates. 

Two  men  in  General  Dynamics' Computer  Support  Group 
have  been  trained  to  use  the  PRICE  system  which  is 
accessible  through  a terminal  provided  by  RCA.  The 
input  data  goes  through  any  of  three  software  contractors 
so  RCA  has  no  access  to  the  data. 

General  Dynamics  has  also  developed  an  extensive  data 
bank  based  on: 

Monthly  reviews  of  financial  position  and  problems 

encountered 
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Accounting  work  orders 


- Summarized  costs  in  the  Work  Breakdown 

Structure  format 

Information  from  AIDES  and  PRICE 

General  Dynamics  utilizes  many  ship  and  engineering 
people  to  help  prepare  estimates. 

General  Dynamics  prepares  and  negotiates  overhead  and 
direct  labor  rates  yearly  for  three  years  in  advance. 

The  material  cost  estimating  group  continuously  reviews 
the  cost  of  commodities  for  material  cost  and  predictions. 

General  Dynamics  also  develops  their  own  weighted  in- 
flation index  which  has  been  fairly  close  to  DOD  indices. 

A completely  independent  contractor,  Tecolte  Research, 
Inc.,  prepares  an  independent  parametric  estimate  based 
on  contractor  return  cost  data.  Tecolte  has  a small  staff 
of  people  educated  in  engineering,  mathematics,  physics 
and  economics  which  provide  research,  analysis,  engin- 
eering and  consulting  services  to  government  and  private 
agencies.  Their  cost  analysis/estimating  experience  is 
between  10  and  15  years. 

In  the  case  of  the  C1WS,  Tecolte  prepares  a parametric 
estimate  based  on  cost  estimating  relationships.  The  data 
used  is  obtained  through  Contractor  Cost  Data  Reports 
(CCDRs),  Cost  Information  Reports  (CIRs)  and  data  soli- 
cited from  contractors  by  Tecolte,  themselves. 

When  these  estimates  are  received  by  the  CIWS  project 
office,  staff  and  management  review  and  compare  them. 
Fhe  CIWS  management  maintains  rigid  control  over 
changes  in  cost  estimates  by  monitoring  and  questioning 
all  significant  variations. 

Further,  special  contract  clauses  (not  defined  as  part 
of  DOD  INST.  7000.2)  outline  returned  cost  breakdown 
required  by  the  project  office.  The  reports  are  based 
on  existing  contractor  Management  Information  System 
(MIS)  output  which  are  also  relevant  to  CIWS  manage- 
ment activities.  Typical  reports  include: 
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Actual  costs  against  bid  estimates  showing  cost- 
to-complete  on  a monthly  basis; 

Performance  report  based  on  Work  Breakdown 
Structure  (V/BS)  and  functional  organization; 

Manpower  loading  by  WBS  and  functional  or- 
ganization; 

Material  Cost  by  major  cost  element; 

Milestone  schedule  and  progress. 

The  amount  and  quality  of  data  utilized  by  the  project  office 
is  well  thought  out  and  useful  in  decision-making  activities.  The  note- 
worthy performance  of  the  project  office  in  adhering  to  budgeted  costs 
of  R&D  and  procurement  can  be  attributed  to  the  well-managed  pro- 
ject group,  experienced  and  dedicated  contractor  personnel,  inde- 
pendent cost  estimators,  and  timely  information. 

★ ★ ★ ★ * 
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The  following  is  a summation  of  the  cost  estimating  process  for 


the  Close-In  Weapon  System  (CIWS). 


Staffing  and  Organizational  Structure  — There  are  no  esti- 
mators as  such  in  the  CIWS  project  office,  but  the  business 
manager  is  directly  involved  in  verifying  General  Dynamics 
and  Tecolte  estimates. 

Data  Bonks — Extensive  data  bank  information  Is  available  in 
the  CIWS  project  office  in  the  form  of  return  cost  data,  and 
the  Tecolte  independent  estimates. 

Return  Cost  — Much  data  is  available.  The  project  office 
feels  that  much  of  the  required  DOD  INST.  7000.2  return 
cost  data  is  too  late  and  too  complicated  to  be  useful.  Special 
contract  clauses  are  now  included  in  CIWS  contracts  specify- 
ing the  data  the  CIV/S  project  office  desires  to  track  costs 
and  estimate  changes,  i.e.,  actual  costs  versus  bid  estimates 
including  cost- to- complete  information,  performance  report 
based  on  WBS,  etc. 

Escalation  and  Inflation  Predictions  — The  CIWS  project 
office  utilizes  WPN  escalation  rates  which  they  feel  reflects 
the  price  they  expect  to  pay  the  contractor  for  the  first  pro- 
duction run  or  the  General  Dynamics  weighted  index. 

Tecolte  has  utilized  various  indices  such  as  the  Wholesale 
Index  Category  117,  the  Consumer  Price  Index,  Program 
Objectives  Memorandum  Indexes,  and  their  own  in-house 
index  for  the  CIWS  independent  cost  estimates. 

Quality  versus  Technical  Data — The  technical  information 
on  the  CIWS  is  becoming  more  extensive  and  accurate.  The 
project  has  had  two  prototypes  and  an  Operational  Suitability 
Model  to  develop  accurate  and  detailed  technical  data  on 
which  to  base  cost  estimates. 

This  information  is  used  for  validation  by  the  CIWS  project 
office. 
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Estimating  Response  Time  — Estimates  can  be  obtained  quickly 
by  the  CIWS  project  office  from  both  General  Dynamics  and 
Tecolte.  General  Dynamics  utilizes  the  Automated  Inter- 
Divisional  Estimating  System  (AIDES)  to  provide  engineering 
estimates  and  PRICE,  and  RCA  system  used  to  compute  para- 
metric estimates.  Tecolte  provides  independent  parametric 
cost  estimates. 

Both  firms  have  extensive  and  well-organized  data  banks  and 
General  Dynamics  usually  can  predict  cost  estimates  five 
years  in  advance  to  coincide  with  the  Five  Year  Defense  Plan. 

Review  Procedures — The  CIWS  project  office  maintains  ex- 
tensive return  cost  detain  compliance  with  DOD  INST.  7000.2 
as  well  as  information  specifically  requested  from  GD  for 
cost  monitoring. 

Technical  Complexity  of  Estimates — The  technical  complexity 
of  the  estimates  provided  by  General  Dynamics  are  very  ex- 
tensive. General  Dynamics  can  give  estimates  for  all  77,000 
parts  in  the  CIWS  system. 


7. 


THE  AN/UYK-7  HAS  A MODULAR  DESIGN  SPECIFICALLY  DEVELOP- 

ED FOR  ALL-PURPOSE  USE  BY  THE  NAVY 


In  order  to  avoid  certain  problems  associated  with  the  proliferation  of 
Navy  tactical  computers,  the  Chief  of  Naval  Operations  directed  the  develop- 
ment of  a general  purpose  digital  computer  which  the  Navy  could  standardize 
for  shipboard  applications  in  tHe  1970's;  the  AN/UYK-7  Computer  was  develop- 
ed in  response  to  this  direction.  The  computer's  modular  construction  makes 
it  readily  adaptable  to  a wide  range  of  shipboard  applications  including  those 
of  both  specialized  and  general  natures  and  can  be  installed  on  all  type  ships. 

The  AN/UYK-7  is  a general  purpose,  stored-program,  solid  state,  bi- 
nary computer  designed  for  real  time  applications  in  various  naval  shipboard 
processing  systems.  For  weapon  systems,  the  computer  performs  the  data  pro- 
cessing and  computations  needed  for  target  tracking;  generation  of  gun,  tor- 
pedo and  missile  orders;  and  for  providing  display  data  to  fire  control  systems 
and  tactical  data  system  operators. 

The  AN/UYK-7  is  installed  in  cabinets  or  bays  in  various  combinations 
of  the  following  units. 

. Central  Processing  Unit  (CPU) 

. Memory  Unit  (16,384  words,  32-bit)  (32,768  words.  Double 
Density  Memory) 

. Input/Output  Controller  (IOC) 
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. Power  Supply  Unit 

. Dummy  Unit 

. I/O  Adapter  (4,8,12  or  16  channels) 

. Cabinet 

. Maintenance  Console  Unit 

. Remote  Operating  Console  Unit 

Each  central  processor  is  capable  of  addressing  a maximum  of  16  memory 
units  and  four  IOC's.  The  memory  units  are  capable  of  being  addressed  by  any 
combination  of  central  processors  and  IOC's,  within  the  constraint  that  the 
total  number  of  required  accesses  is  limited  to  eight. 

The  basic  computer  configuration  consists  of  one  CPU  with  three  mem- 
ory units,  and  the  minimum  configuration  is  one  CPU  and  one  memory  unit. 

I 

Each  CPU  has  a 512-word  nondestructive  readout  containing  two  96- 
word  “bootstrap"  programs  and  a diagnostic  program.  Memory  cycle  time  is 
1 .5  microseconds,  and  the  maximum  data  transfer  rate  per  second  per  channel 
is  167,000  words,  or  10  megabits  per  second  with  optional  bit-serial  channels. 

(1 ) The  AN/UYK-7  Is  A Well  Defined  Third  Generation  Computer 

The  initial  Procurement  Request  (PR  ^98946)  to  purchase  AN/ 

UYK-7  Computers  for  the  DXGN  (now  CGN)  was  released  on  30 

November  1968.  Subsequent  PRs  were  released  as  follows: 

PR  ^98946.1  ASMS  (Advanced  Ship  Missile  System)  on 

29  January  1969 
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PR  #98946.2  LHA  on  30  January  1969 
PR  #98946.3  DX  (DD  963  class)  19  February  1969 
All  of  the  above  PR's  were  combined  for  procurement  under  Contract 
N 00024-69- C- 1402  dated  12  August  1969  from  the  UNIVAC  Defense 
Systems  Division  of  Sperry  Rand  Corporation.  Since  the  initial  con- 
tract, there  have  been  approximately  twelve  Navy  sole  source  firm 
fixed  price  contracts  with  Sperry  Rand,  the  latest  being  N00024-77-D- 
7121  of  25  March  1977.  Approximately  348  AN/UYK-7  Computers 
have  been  procured  by  the  Navy  which  is  the  sole  procuring  agent 
of  the  Department  of  Defense  for  this  sytem. 

(2)  The  Cost  Of  Procurement  Was  Well  Established  From  Numerous 
Past  Acquisitions 

The  initial  cost  estimate  of  approximately  $524,000  for  the 
AN/UYK-7  to  be  furnished  for  the  Advance  Ship  Missile  System 
(ASMS  - now  AEGIS)  was  generated  by  the  Computer  System  Section 
of  NAVSEC.  Because  of  their  previous  computer  procurement  experi- 
ence and  the  standard  nature  of  the  components  involved,  the  above 
initial  cost  estimate  was  based  on  a well-defined  baseline.  This  no 
doubt  contributed  to  the  fact  that  the  actual  cost  of  the  ASMS  com- 
puter (approximately  $534,000)  was  within  $10,000  of  the  NAVSEC 
6178  estimate. 
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NAVSEC  6178  is  the  technical  manager  for  the  AN/UYK-7 
while  NAVSEC  6172  determines  the  peripheral  equipment  required  for 
a specific  ship/ship  class  tactical  data  system.  The  actual  Procure- 
ment Request  for  the  computers  is  initiated  by  SEA  04. 

For  the  SCN  Budget  process  SEA  0442,  the  SCN  Support  Sec- 
tion, provides  AN/UYK-7  Computer  cast  estimates  ta  SEA  01  G for 
ships  listed  in  the  Program  Objectives  Memorandum  (POM).  The  esti- 
mate is  based  on  the  most  recent  bid  proposals  from  the  manufacturer, 
Univac- Sperry  Rand,  and  includes  the  current  inflation  factor  being 
used  by  the  contractor.  The  cost  of  the  AN/UYK-7  is  presently 
stable  since  the  manufacturer's  output  is  at  capacity.  It  should  be 
noted  that  the  Navy  is  the  sole  procuring  agent  for  all  AN/UYK-7's. 
The  availability  of  current  price  and  bid  information  appears  to  be  of 
significant  value  to  the  estimating  process  as  this  information  is 
used  to  the  exclusion  of  parametric  or  engineering  estimating  methods. 
In  providing  estimates  for  new  requirements,  factors  for  escalation 
and  other  growth  are  developed  by  SEA  0442  from  knowledge  of  active 
contract  information  and  not  from  SEA  01  G guidance. 

SEA  045  prepares  Procurement  Requests  (PR)  in  accordance 
with  the  requirements  presented  by  the  DOD  at  a UYK-7  pre-produc- 
tion conference.  At  this  time,  the  various  Ship  Acquisition  Project 
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Manager's  (SHAPM's)  computer  requirements  are  provided  SEA  045 
via  "data  ordering  sheets"  based  on  Ship  Project  Directive  (SPD) 

I 

information.  SEA  045  then  generates  a PR  which  consolidates  all 
DOD  requirements. 

Code  04513  uses  NAVMAT  form  5230/15  (Procurement  Plan- 
ning Guide  Worksheet)  for  information  purposes.  This  computer- 
generated  form  contains  contract  prices,  hull  numbers,  award  dates, 
scheduled  delivery  dates,  contract  number,  description  of  the  item 
or  unit,  has  proved  valuable  in  providing  cost  data  and  in  isolating 
applications  to  a specific  hull. 

(3)  The  Many  Different  Configurations  Of  The  AN/UYK-7 

Makes  Cost  Analysis  Of  Questionable  Value 

By  definition,  a standard  AN/UYK-7  cabinet  consists  of  a 
central  processing  unit,  an  input-output  controller,  three  memory 
units,  an  input-output  adapter,  and  a power  supply.  However,  the 
capacity  of  the  computer  system  is  easily  expanded  through  additional 
modules.  This  flexibility  has  resulted  in  many  configurations,  all 
“tailor  made"  to  fit  a specific  application.  Currently,  the  following 
configuration  designations  exist  for  the  AN/UYK-7  Computer. 
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(1) 

1 

Bay-single 

density 

(2) 

1 

Bay-double 

; density 

(3) 

2 

Bay-single 

density 

(4) 

2 

Bay-double 

: density 

(5) 

3 

Bay-single 

density 

(6) 

3 

Bay-double 

: density 

(7) 

4 

Bay-single 

density 

(8) 

4 

Bay-double 

s density 

NOTE:  Double  density  indicates 
that  there  is  double  the 
amount  of  word  capacity 
on  the  same  size  card  as 
the  single  density. 


The  flexibility  in  the  configuration  of  the  AN/UYK-7  computer  for 
different  applications  .results  in  widely  varying  dollar  amounts 
being  reported  in  different  budget  forms  for  different  ship  classes. 


The  magnitude  of  the  dollar  differences  that  may  arise  is  illus- 
trated by  the  following  data  taken  from  FY  1975  budget  back-up  forms 
itemizing  AN/UYK-7  Computer  estimates. 

Ship  Class  Estimate  % Difference 


FFG-7 
SSN-688 
CGN  38 


$ 437,000 
596,000 
1,587,000 


36% 

263% 


(4) 


Estimating  Costs  Of  The  AN/UYK-7  Is  Not  A Problem 


Cost  data  collected  indicates  that  the  procurement  cost  of  the 
AN/UYK-7  has  decreased  significantly  since  the  initial  hardware 
contract  dated  12  August  1969.  This  is  illustrated  by  compari- 
son of  the  prices  in  this  contract  with  the  prices  in  the  latest  con- 
tract which  is  dated  25  March  1977.  The  initial  contract  was  for 
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17  1-bay  computers  an  final  price  $7,171,719.  The  March  1977 

i 

contract  procured  17  1-bay  computers  plus  2,  3 and  4-bay  computers. 
The  17  highest  priced  1-bay  computers  total  $5,330,600,  or  35  per- 
cent less  than  the  initial  buy  price. 

SEA  045  recently  made  a comparison  of  the  basic  cost  of  an 
equivalent  1-bay  single  density  computer  during  the  period  1972 
to  1977  with  the  following  results. 


Basic  Cost  Per 

Contract  N 00024-  Equivalent  "Standard"  Computer 


72- C- 1327  $304K 

72-  C- 1256  247  K 

73-  C- 1327  228 K 

74-  D- 11 93  223K 

75-  D-71 65  225K 

76- D-7195  231 K 

77-  D-71 21  279 K 


The  above  basic  costs  have  remained  almost  stable  with  a 
9 percent  decrease  from  1972  to  1977  which  is  significant  in  view 
of  the  high  inflation  experienced  by  many  of  the  Navy  programs. 

The  above  data  indicates  that  cost  estimating  has  not  been 
a problem.  Cost  overruns  have  not  been  experienced  in  AN/UYK-7 
contracts.  The  large  number  of  computers  procured  over  a seven  to 
eight  year  period  with  UN  I VAC  at  maximum  production  has  provided 
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production  stability  with  resulting  monetary  savings  for  the  Navy. 


★ ★ ★ * * 


The  following  summarizes  the  cost  estimating  process  for  the  AN/UYK- 
7 Computer. 

. Staffing  and  Organizational  Structure — Neither  NAVSEA 

nor  NAVSEC  are  organized  or  staf^  to  estimate  computer  costs. 
SEA  044  provides  cost  estimates  for  the  POAVbudget  process 
which  are  based  on  bid  proposals  and  current  contract  data. 

. Data  Banks  — A quantity  of  data  exists  in  SEA  045  files  and 

procurement  contracts. 

. Return  Costs  — Contract  prices  were  available. 

. Escalation  and  Inflation  Predictions  — The  inflation  predic- 

tions are  those  used  by  the  manufacturer,  UN  I VAC  - Sperry 
Rand. 

. Quality  Vs.  Technical  Description  — Complete  technical  docu- 

mentation is  available.  Cost  estimates  are  based  on  past  con- 
tract and  bid  proposals. 

. Estimating  Response  Time — Estimates  are  developed  quickly. 

SEA  044  and  SEA  045  have  all  the  data  necessary  to  "tailor 
make"  a cost  estimate  as  required. 

. Review  Procedure  — SEA  044  estimates  are  not  usually  reviewed 

by  other  than  normal  supervisory  procedures. 

. Technical  Complexity  Of  The  Estimates  — It  is  a "third  genera- 

tion" computer  within  the  state  of  the  art  and  accurate  engi- 
neering estimates  can  be  developed  as  required. 


8. 


THE  LM  2500  MARINE  GAS  TURBINE  ENGINE,  DEVELOPED  FROM 
THE  C5A  AND  COMMERCIAL  VERSIONS  OF  TURBCFAN  ENGINES, 

IS  THE  NEWEST  AND  MOST  ADVANCED  MARINE  GAS  TURBINE 
ENGINE  USED  BY  THE  NAVY 


The  LM  2500  is  a simple-cycle,  two-shaft  engine  consisting  of  a gas 
generator,  power  turbine,  fuel  control  and  governing  system,  associated  in- 
let and  exhaust  sections,  lubrication  and  scavenging  systems,  and  controls 
and  devices  for  starting  and  monitoring  operation  of  the  engine.  It  is  avail- 
able as  a gas  turbine  alone,  as  a base-mounted  unit,  or  as  a completely 
packaged  module.  The  engine  incorporates: 

. a 16-stage  compressor 

. a full  annular,  dual  fuel  burning  combustor  with  externally 

mounted  fuel  nozzles 

. a two-stage  high  pressure  gas  generator  turbine,  air  cooled, 

that  drives  the  compressor  and  accessory  drive  gearbox 

. a six-stage-low  speed,  low-stress  power  turbine,  with  an 

output  speed  of  3600, rpm,  which  is  coupled  aerodynamically 
to  the  gas  generator  and  is  driven  by  its  high  energy  release 
exhaust  flow 

The  LM  2500  marine  gas  turbine  module  Is  a compact  marine  pro- 
pulsion unit  suitable  for  both  naval  and  merchant  ship  application.  It  is  com- 
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posed  of  four  distinct  configuration  items: 

. Base/ Enclosure  Assembly 

. Gas  Turbine  Assembly 

. GT  Lube  Storage  and  Conditioning  Assembly 

. Free  Standing  Electronic  Enclosure  Assembly 

Designed  for  easy  installation  in  space-limited  engine  compartments,  the 
module  weighs  42,000  pounds  (44,000  with  shock  mountings)  and  occupies  a 
space  of  only  8 x 9 x 26  feet.  Use  of  the  LM  2500  module  simplifies  instal- 
lation, makes  better  use  of  available  space,  suppresses  engine  room  noise, 
provides  for  ice  detection  and  removal  in  the  air  intakes,  and  provides  for 
fire  detection  and  extinguishing.  The  shock  mounting  system  attenuates 
noise  into  the  ship's  foundation  as  well  as  high  intensity  shock  transmission 
into  the  engine. 

Advantages  of  using  LM  2500  marine  gas  turbines  for  powering  ships 
may  be  summarized  as  follows: 


Space  savings  — Because  of  the  low  volume  more  space 
is  available  for  fuel,  armament,  cargo,  etc.  The  mod- 
ule takes  up  less  space  than  the  main  condenser  of  a 
steam  plant  of  equal  horsepower,  occupies  about  the 
same  space  as  one  cylinder  of  a low-speed  diesel  engine 
of  the  same  power  rating. 

Reduction  in  installation  costs  — Modular  design  and  low 
weight  reduce  overall  time  and  cost  of  installing  the  propulsion 
system. 
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Greater  ship  availability  — Ship  availability  is  assured  by 
swift  component  and  engine  maintenance  or  removal  made 
possible  by  modular  design  and  split  casings.  LM  2500  can 
be  back  in  operation  in  hours,  while  repairs  to  a conventional 
propulsion  plant  might  require  weeks  or  months. 

Lower  fuel  consumption  than  other  gas  turbines  — The  cycle 
efficiency  of  the  LM  2500  is  greater  than  other  presently 
available  gas  turbines.  This  reduces  operating  costs  and 
provides  longer  range. 

Manpower  requirements  reduced  — The  LM  2500,  designed  for 
unattended  operation,  is  readily  integrated  into  a ship's  auto- 
mated control  system  and,  when  combined  with  a central  op- 
erations system,  can  reduce  manning  requirements  of  the  engine 
department  by  as  much  as  65  percent. 


Fuel  flexibility  — The  LM  2500's  ability  to  operate  on  a 
variety  of  fuels  gives  ships  more  options  in  time  of  fuel  scarcity 
or  when  operating  in  overseas  areas. 

Rapid  ship  response  — When  power  is  needed  , the  LM  2500 
can  respond  quickly.  From  a "cold  engine"  condition,  the 
LM  2500  normally  can  achieve  full  power  in  60  seconds.  Further, 
it  can  accelerate  In  about  five  seconds  from  idle  to  maximum 
torque,  and  in  about  four  seconds  can  back  off  from  full  power 
to  idle. 


(1)  The  Navy  LM  2500  Marine  Gas  Turbine  Engine  Program  Provides 
For  Use  Of  The  Engine  In  New  Construction,  Procurement  Of 

Replacement/ Spare  Parts,  And  A Component  Improvement  Pro- 

gram 


In  December  1969,  the  Navy  installed  its  first  LM  2500  marine 
gas  turbine  on  the  GTS  ADMIRAL  WILLIAM  M.  CALLAGHAN,  a high 
speed  roll-on,  roll-off  cargo  ship  built  for  charter  to  the  Military  Sea- 
lift Command.  This  engine  replaced  one  of  the  two  first  generation  gas 
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turbines  that  originally  powered  the  CALLAGHAN.  In  1973,  the 
Navy  replaced  the  remaining  first  generation  gas  turbine  with  another 
LM  2500  engine.  Tens  of  thousands  of  hours  of  at-sea  testing  under 
destroyer  operating  profiles  have  been  completed  by  the  CALLAGHAN; 
thousands  of  additional  hours  of  shore-based  Research,  Development, 
Test  and  Evaluation  (RDT&E)  testing  have  been  accomplished  at  the 
Naval  Ship  Engineering  Center  (NAVSEC),  Philadelphia  Division. 

The  principal  ship  classes  for  which  the  LM  2500  has  been  selected  as 
the  main  propulsion  engine  are: 


. SPRUANCE  (DD-963)  Class  Destroyers  — 30  ship  pro- 
gram, first  in  class  commissioned  September  1975;  4 
gas  turbine  modules  per  ship;  total  of  120  LM  2500 
modules. 

. Guided  Missile  Frigate  (FFG)  — 74  ship  program;  2 

gas  turbine  modules  per  ship;  total  of  148  LM  2500 
modules;  option  agreement  with  General  Electric 
Company  for  30  ship  sets  (60  modules). 

Other  ship  classes  for  which  the  LM  2500  has  been  selected  as  the 

main  propulsion  unit  are: 

. AEGIS  Destroyer  (DDG-47)  — Propulsion  plant  same 

as  DD  - 963;  4 gas  turbine  modules  per  ship. 

. Patrol  Combatant  Missile  Hydrofoil  (PHM)  — 1 LM 

2500  gas  turbine  per  ship;  no  module  as  in  DD  963 
and  FFG  class  ships,  engine  room  itself  serves  as  con- 
tainer for  engine. 


. Patrol  Gunboat  Missile  (PGG) 

. Patrol  Chaser  Missile  (PGC) 

. Sea  Control  Ship  (SCS) 

. Surface  Effect  Ship  (SES)  — six  LM  2500's,  two  for  lift  and 
four  for  drive. 

Programs  for  these  ship  classes  have  been  cut  back  or  are  of  such  small  size 
that  at  present  the  DD  963  and  the  FFG  programs  are  many  times  greater  than 
any  of  the  other  programs  utilizing  the  LM  2500.  Moreover,  both  the  DD-963 
and  the  FFG  utilize  the  LM  2500  marine  gas  turbine  module,  whereas  some  of 
the  other  classes  utilize  special  LM  2500  configurations.  For  these  reasons, 

• the  LM  2500  modules  used  for  the  DD  963  and  FFG  classes  are  the  units  that 
have  been  tracked  in  connection  with  cost  estimates  and  actual  costs  associated 
with  LM  2500  installations  in  new  ship  construction. 

Another  element  of  the  Navy  LM  2500  marine  gas  turbine  engine 
program  is  the  procurement  of  replacement/spare  parts  for  the  LM  2500  instal- 
lations on  ships  by  the  Fleet  Support  Directorate  (SEA  04),  Naval  Sea  Systems 
Command.  Modules  are  not  bought,  but  rather: 

. gas  generators 

. turbines  in  reuseable  storage  containers 

. piece  parts  for  the  oil  module 

. trays  for  the  FSEE  (Free  Standing  Electronic  Enclosure) 
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At  the  beginning  of  the  DD  963  program,  the  power  plants  were 
to  be  Pratt  & Whitney  (P  & W)  FT9  gas  turbines.  Subsequently,  General 
Electric  entered  the  competition  to  supply  the  power  plants,  and  in  1970 
Litton  selected  (the  power  plants  were  CFE- Contractor  Furnished  Equipment 
rather  than  GFE-Government  Furnished  Equipment)  the  LM  2500  marine  gas 
turbine  for  use  in  the  DD  963's.  Navy  did  not  object  because  the  LM  2500 
was  a second-  generation  marine  gas  turbine,  whereas  the  P & W engine  was 
a first  generation  marine  gas  turbine;  moreover,  the  change  from  the  P & W 
engine  to  the  LM  2500  would  result  in  no  additional  cost  to  the  Government.  The 
Litton/General  Electric  agreement  provided  for  the  procurement  of  120  LM 
2500  modules  at  about  $1 . 1 million  each  or  64  modules  at  about  $1.28  million 
each,  and  provided  for  price  escalation. 

The  Litton/General  Electric  agreement  has  the  following  specifications 


for  the  LM  2500: 

. TBO  (Initial  Time  Between  Overhaul) 6,000  hours 

. Projected  TBO  based  on  operating  profile  for  ship  — 9,000  hours 

. MTBPER  (Minimum  Acceptable  Mean  Time  Between 

Premature  Engine  Removals) 10,000  hours 


The  Fleet  Support  Directorate,  SEA  04,  considered  the  6,000  hour  TBO 
figure  to  be  too  optimistic.  Further,  Navy  does  not  use  the  terminology  TBO, 
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but,  rother,  MTBR  (Mean  Time  Before  Removal).  TBO  is  the  same  os 
MTBR  only  for  the  first  removal.  For  the  LM  2500's  on  the  DD  963's, 
a joint  MTBR  estimate  by  the  Naval  Seo  Systems  Commond  (NAVSEA 
04T),  the  Naval  Ship  Engineering  Center  (NAVSEA  6146),  and  the 
Generol  Electric  Company  wos  subsequently  developed  and  wos  con- 
sidered to  be  occurate.  The  estimate  was  based  on  actual  experience 
and  monitoring  of  the  LM  2500  on  the  GTS  ADMIRAL  WILLIAM  M. 
CALLAGHAN,  ond  is  os  follows: 

MTBR  (Meon  Time  Before  Removol) 

Gos  generator  — 3,500  hours 
Power  turbine  — 4,000  hours 

These  figures  are  the  ones  used  in  connection  with  preparing  budget 
estimates,  not  the  General  Electric  TBO  figure  of  6,000  hours. 

The  possibility  exists  thot  even  the  MTBR  figures  of  3,500  ond  4,000 
hours  are  overly  optimistic  because,  as  of  the  end  of  July  1977,  there 
have  been  eight  LM  2500's  removed  from  the  DD  963's  with  no  more 
thon  2,000  hours  on  any  one. 

In  on  effort  to  reduce  spare  LM  2500  gas  generator  and  turbine  re- 
quirements, a Component  Improvement  Progrom  (CIP)  — the  third  element 
of  the  Navy  LM  2500  marine  gas  turbine  engine  program  — wos  con- 
tracted for  with  Generol  Electric.  Goals  of  this  progrom  are  as 
follows: 
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MTBR  (Mean  Time  Before  Removal) 


Gas  generator  — 9,000  hours  by  about  1990 
Power  turbine  — 10,000  hours  by  about  1990 
Specific  efforts  conducted  under  the  Component  Improvement  Program 
(CIP)  are: 


. Flowpath  improvements 

. Greater  durability  through  redesigned  combustors, 

turbine  shrouds,  and  turbine  vanes 

. Improved  and  more  durable  HPT  (High  Pressure  Turbine) 

blades  and  vanes 

. Flexible  coupling  alignment  criticality 

. Improved  reliability  and  maintainability  of  the  28 

volt  dual  power  dupply  (engine  shutdown  problem) 

. Correct  deficient  starter  lubrication 

. Improved  reliability  of  the  gas  generator  4B  thrust 

bearing . 

In  terms  of  life-cycle  costs  for  the  LM  2500,  costs  of  the 
Replacement/Spare  Parts  Program  and  the  Component  Improvement 
Program  are  of  considerable  magnitude  and  significance.  Nevertheless, 
costs  of  these  programs  do  not  comprise  any  part  of  LM  2500  cost  esti- 
mates used  in  preparing  new  ship  construction  cost  estimates  contained 
in  Shipbuilding  and  Conversion,  Navy  (SCN)  appropriation  budget 
estimates  submitted  to  Congress. 
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(2) 


Cost  Estimates  For  The  LM  2500  Are  Generated  By  Several 

Organizations 


Cost  estimates  relative  to  LM  2500  marine  gas  turbine  modules 
for  use  in  new  ship  construction  have  been  and  are  being  generated  by 
several  organizations: 


NAVSEA  01 G (Cost  Estimating  and  Analysis  Division 
of  the  Plans,  Programs  and  Financial  Management/ 
Comptroller  Directorate,  Naval  Sea  Systems  Command). 

SHAPM's  (Ship  Acquisition  Project  Managers,  Naval 
Sea  Systems  Command)  for  ships  utilizing  the  LM  2500. 
For  example,  the  Guided  Missile  Frigate  (FFG)  Ship 
Acquisition  Project  Office,  and,  more  specifically, 

PMS  399P4  within  that  office. 

SUPSHIP  (Supervisor  of  Shipbuilding)  Bath,  where  the 
Bath  Iron  Works  is  acting  as  agent  for  the  Navy  in 
buying  LM  2500  modules  under  the  terms  of  an  option 
agreement  covering  the  procurement  of  60  LM  2500 
modules  for  FFG  ships. 

Naval  Ship  Engineering  Center  (NAVSEC),  where 
NAVSEC  6146  provides  estimates  as  called  for  by  the 
SHAPM's,  particularly  at  the  beginning  of  a project. 

General  Electric  Company,  the  vendor  for  the  LM  2500 
marine  gas  turbine  modules. 


(3)  The  Methodology  For  LM  2500  Cost  Estimating  Is  Not  Standardized 


The  General  Electric  Company/Bath  Iron  Works  Corporation  1973 
option  agreement  covering  the  purchase  of  thirty  LM  2500  shipsets  (60 
modules)  for  FFG  ships  has  as  the  starting  point  for  any  cost  estimating 
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certain  firm  fixed  prices  for  contract  products  consisting  of: 

. Follow  - On  Gas  Turbine  Modules  (Shipset) 

. Data  (DD  1423  Items)  (Shipset) 

. Special  Tools  for  Shipboard  Maintenance 

. Engineering  Support  Services  (Shipset) 

Such  base  prices  vary  slightly  according  to  specific  year  of  delivery. 
Exercising  the  options  with  certain  contract  provisions  involved  would 
result  in  option  prices  as  follows,  in  terms  of  unescalated  October 
1972  (FY  1973)  dollars: 

Base  price  per  module  $1 .398  million 

Potential  reduction  for  .058  million 

deleting  warranty 

Potential  reduction  for 

deleting  product  improvement  .034  million 

Potential  price  $1,306  million 

Adjustments  are  made  to  these  prices  on  the  basis  of  authorized 
changes  to  the  contract  products  and  changes  in  a material  index  which 
is  based  on  the  arithmetic  average  of  the  following  three  (3)  indices 
furnished  by  the  Bureau  of  Labor  Statistics  of  the  U.S.  Department  of 
Labor: 

. Labor  Index  - The  Average  Hourly  Earnings  of  Aircraft 

Engine  and  Engine  Parts  Production  Workers.  (SIG  - 
3722). 
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. Material  Index  - The  Metal  and  Metal  Products 

Wholesale  Price  Index  (Code  10). 

. Wholesale  Price  Index  - Industrial  Commodities 

Escalation  for  progress  payment  periods  is  computed  using  the  following 

equation: 

OP  x [ (PP-LP)  x (Al)  ] = Escalation 

OP  = Option  Price 

PP  = Present  Progress  Percentage 

LP  = Last  Reported  Progress 

Al  = Average  Index  Percentage  Change 


The  General  Electric/Litton  option  agreement  covering  the 
purchase  of  thirty  (30)  LM  2500  shipsets  (120  modules)  also  has  an  es- 
calation clause.  However,  the  clause  is  different  from  that  in  the 
G^/BIW  option  agreement  and  does  not  relate  to  time  of  delivery  of 
each  module.  The  multiplier  in  the  escalation  article  is  $129,986 
million.  Prices  of  the  LM  2500  module  under  the  G^/Litton  option 
agreement  are  as  follows: 


Base  price  120  modules  (including 
all  nonrecurring  work) 

Base  price  (unescalated)  per  module 

Return  cost  120  modules: 

Base  price 
Escalation 


$137.3  million 
$ 1 . 144  million 


51 37.3  million 
34.285  million 


Return  cost  (escalated)  per  module  $1  .430  million 
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The  G^/Litton  option  agreement  also  had  a provision  that  if  only  64 
modules  were  purchased  instead  of  120  modules,  the  base  price  per 
module  would  be  about  $1  .28  million. 

NAVSEC  6146  bases  its  LM  2500  cost  estimates  on  experience 
and  cost  records.  For  example,  the  estimated  cost  per  module  of  $1.3 
million  made  by  NAVSEC  in  1970  was  based  on  the  $1 .28  million  per 
module  figure  contained  in  the  General  El  ectri  (^Litton  option  agree- 
ment. In  1971  the  estimate  per  module  was  raised  to  $1.5  million. 


The  Guided  Missile  Frigate  (FFG)  Ship  Acquisition  Project 

Office  (PMS  399)  used  the  following  methodology  (Table  E.84)  for 

developing  the  LM  2500  budget  estimates. 

TABLE  E.84 

FFG  LM  2500  COST  ESTIMATE  METHODOLOGY 


Estimated 

Cost  Per 

Estimated 

Program 

Ship  Set 

Unit  Cost 

Year 

(2  modules) 

(1  module) 

($  millions) 

($  millions] 

FY  1976 

5.71  (Estimate  from  SUPSHIP,  Bath) 

BIW  Fee 

x 1.03 

5.88 

2.94 

FY  1977 

5.88  (FY  1976  estimate) 

Inflation  FY  *771 

x 1.028 

Inflation  FY  *77 

x 1.102 

6.661 

3.33 

FY  1978 

6.661  (FY  1977  estimate) 

Inflation  FY  *78 

x 1.084 

7.220 

3.61 

FY  1979 

7.220  (FY  1978  estimote) 

Inflation  FY  *79 
Provision  for  new 

• x 1.066 

negotiations 

with  GE 

x 1.2 

9.236 

4.62 
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Estimates  generated  by  PMS  399  in  late  July  1977  for  FY 
1977,  1978,  and  1979  programs  are  slightly  lower  than  the  foregoing 
estimates. 

NAVSEA  01 G works  closely  with  the  SHAPM's  (Ship  Acquisi- 
tion Project  Managers)  in  developing  the  LM  2500  cost  estimates  that 
are  utilized  in  preparing  new  ship  construction  cost  estimates  for  in- 
clusion In  budget  estimates  submitted  to  Congress.  The  development 
of  the  estimated  cost  for  one  FFG  in  the  budget  submittal  to  Congress 
for  FY  1973  can  serve  as  an  example  of  the  NAVSEA  01  G methodo- 
logy. In  this  ship  cost  estimate,  the  LM  2500  module  cost  was  esti- 
mated at  $3  million  per  ship  set  ($1 .5  million  per  module)  to  which 
15  percent  was  added  on  the  basis  of  a two  shipset  buy  (the  FFG  and 
the  Land  Based  Test  Site)  instead  of  a 50  shipset  buy.  This  raised 
the  estimate  to  $3,450  million  per  ship  set  ($1 .725  million  per  module). 
This  NAVSEA  01  G estimate  tracks  into  the  211  line  item  in  the  final 
budget  submittal  to  Congress. 

None  of  the  cost  estimates  for  LM  2500  modules  reflect  any 
part  of  the  Project  Managers  Reserve  of  10  percent  for  all  GFE,  in- 
cluding LM  2500's,  that  is  included  in  new  ship  construction  cost 
estimates  in  budget  submittals  to  Congress. 
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(4)  An  Historical  Track  Of  Cost  Estimates  For  LM  2500  Modules 

Is  Difficult  To  Develop  By  Reason  Of  Lack  Of  Records  And 

Inconsistency  In  Estimate  Format 

The  organizations  that  develop  LM  2500  cost  estimates  have 
no  data  banks  of  such  estimates.  Rather,  any  information  needed 
must  be  obtained  through  a search  of  the  files.  Also,  many  cost  esti- 
mates are  not  comparable  because,  depending  on  the  type  of  ship, 
configurations  of  the  LM  2500  differ  (e.g.,  the  FFG's  utilize  stand- 
ard LM  2500  modules,  the  PHM  mounts  its  LM  2500  directly  in  the 
engine  room,  without  the  standard  base/en closure  assembly). 

In  order  to  develop  an  historical  track  of  LM  2500  cost  esti- 
mates that  would  be  meaningful,  only  estimates  of  LM  2500  marine 
gas  turbine  modules  were  considered,  and  of  these,  primary  attention 
was  given  to  those  connected  with  the  Guided  Missile  Frigate  (FFG) 
program.  The  DD  963  Class  destroyer  program  did  not  have  truly 
comparable  estimates  available  because  the  LM  2500  modules  were 
CFE  rather  than  GFE. 

An  historical  track  of  selected  cost  estimates  for  the  LM  2500 
marine  gas  turbine  module  for  the  calendar  year  period  1970  - 1977 
is  shown  in  Table  E.85. 
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In  1970,  estimated  cost  of  an  LM  2500  module  was  $1 .3 
million;  in  1977  estimated  cost  of  an  LM  2500  module  for  use  in  the 
FY  1979  Guided  Missile  Frigate  (FFG)  program  has  risen  to  as  high 
as  $4.6  million.  This  was  an  apparent  cost  growth  of  256  percent 
over  an  eight  year  period;  which  equals  a compound  estimate  growth 
rate  of  15  percent. 

According  to  the  various  organizations  making  LM  2500  cost 
estimates,  the  principal  LM  2500  cost  drivers  in  the  FFG  program 
include  the  following: 

. Inflation  (reflected  in  escalation  as  per  option  agree- 

ment for  60  modules) 

. Changes  in  engine 

. Smaller  ship  buy  than  originally  planned 

. Expiration  of  30  shipset  option  at  end  of  FY  1978, 

with  consequent  necessity  of  having  to  provide  con- 
tingency for  added  cost  for  FY  1979  renegotiation. 

(5)  The  Unit  Cost  Of  An  LM  2500  Module  Rose  About  $1 

Million  In  Seven  Years 

The  contract  unit  cost  of  an  LM  2500  module  rose  about  50 
percent  in  the  seven-year  period  1970  - 1977.  In  1970  the  unesca- 
lated base  price  for  an  LM  2500  marine  gas  turbine  module,  as  pro- 
vided for  in  the  General  Electric/Litton  option  agreement  for  120 
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TABLE  E.85 


LM2500  MARINE  GAS  TURBINE  MODULE-  SELECTED  COST  ESTIMATES 

1?79 

- 1977 

Calendar 

Estimated  Unit  (Module)  Cost  for  Guided  MissileFrigate  (FFG)  Program 

Year 

Millions  of  Dollars 

Organization  providing  estimate 

1970 

1.3 

NAVSEC 

1971 

1.1  (GFE-Govemment 

Do. 

Furnished  Equipment) 

1.2 

Do. 

1.5 

Do. 

1972 

1.8 

General  Electric  quote  to  Bath  Iron  Works 

1973 

2.0  (FY  ’73) 

NAVSEA  01 G 

1.85  (FY  74) 

Do. 

2.13  (FY  74) 

Do. 

2.27  (FY  ’75) 

Do. 

1.5 

Project  Manager,  for  FFG  (PMS  399) 

1974 

2.78  (FY  75) 

Project  Manager,  for  FFG  (PMS  399  P) 

This  figure  used  in  preparing 

Budget  submission  to  Congress 

1975 

2.15 

NAVSEC 

1 .96  (for  1 of  30 

Project  Manager,  for  FFG  (PMS  399) 

follow  ships) 

2.855 

SUPSHIP,  Bath 

2.94  (FY  *76)  This  figure 

Project  Manager,  for  FFG  (PMS  399  P ) 

used  in  preparing  Budget 

submission  to  Congress 

1976 

GFE  - Government  Furnished  Equipment: 

3.33  (FY  '77) 

Project  Manager,  for  FFG  (PMS  399  P) 

3.61  (FY  78) 

Do. 

2.996  (FY  76) 

NAVSEA  012 

3.330  (FY.  ’77) 

Do. 

3.731  (FY  78) 

Do. 

4.620  (FY  79) 

Do. 

The  NAVSEA  012  figures 

used  in  preparing  Budget 

submissions  to  Congress. 

1977 

GFE  -Government  Furnished 

Equipment: 

3.33  (FY  ' 77 ) 

Project  Manager,  for  FFG  (PMS  399) 

3.61  (FY  78) 

Do. 

4.62  (FY  79) 

Do. 

3.330  (FY  ’77) 

NAVSEAU12 

3.615  (FY  78) 

Do. 

4.626  (FY  79) 

Do. 

The  obove  PMS-399  and 

NAVSEA  012  figures  used  in 

preparing  Budget  submissions 

to  Congress. 

3.216  (FY  77) 

Project  Manager,  for  FFG  (PMS  399) 

3.486  (FY  78) 

Do. 

4.464  (FY  79) 

Do. 

These  PMS-399  figures  as  of  7/28/77 

2.285  (est.  1978  delivery) 

Generol  Electric  Company 

2.34  (est.  1979  delivery) 

Do. 

These  ore  GE  figures  as  of  8/2/77 
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modules  for  the  SPRUANCE  (DD  963)  Class  destroyer  program  was 
about  $1.1  million;  the  final  escalation  return  cost  per  module  under 
this  agreement,  with  all  deliveries  made  in  the  1972  - 1976  period, 
was  $1 .43  million.  In  1977,  the  return  cost  for  12  modules  shipped 
in  place,  stored  at  Evendale  and  owned  by  Navy,  under  the  terms 
of  the  General  Electric/Bath  Iron  Works  option  agreement  for  the 
FY  1976  Guided  Missile  Frigate  (FFG)  program  was  $2.08  million 
($2.14  million  if  3 percent  fee  to  Bath  Iron  Works  for  services  as 
purchasing  agent  to  Navy  is  included).  It  should  be  noted  that  the 
LM  2500  modules  procured  for  the  DD  963  Class  destroyers  were  CFE, 
the  modules  being  procured  for  the  follow-on  ships  of  the  FFG  pro- 
gram are  GFE. 

Selected  contract  unit  (module)  cost  for  LM  2500  marine  gas 
turbine  modules  for  the  period  1970  - 1977  are  shown  in  Table  E.86  . 
The  unit  costs  for  the  modules  purchased  as  GFE  do  not  include  the 
fees  to  Bath  Iron  Works  for  services  as  purchasing  agent  to  Navy. 

(6)  Cost  Estimates  By  Navy  For  LM  2500  Modules  Have  Been 

Consistently  Higher  Than  Actual  Costs 

i 

Navy  estimates  of  the  cost  of  LM  2500  modules  made  during 
the  period  1970  - 1977  have  been  consistently  higher  than  actual  re- 
turn costs.  The  cost  growth  as  projected  by  selected  estimates  and 
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TABLE  E.8 6 

LM2500  MARINE  GAS  TURBINE  MODULE:  SELECTED  CONTRACT  COSTS 


1970  - 1977 


Calendar 

Year 

Controct  Unit  (Module)  Costs  for  SPRUANCE  (DD-963)  Class  Destroyer 
and  Guided  Missile  Frigate  (FFG)  Programs 

Mvil  lions  of  Dol lars 

Organization  Providing  Data 

CFE  - Contractor  Furnished  Equipment: 


1970 

1.1  (DD-963  program) 

Litton 

(120  units) 
or 

1 .28  (DD-963  program) 

Do* 

1971 

(64  units) 

Above  prices  subject  to 
escalation  provision. 

1972 

* 1 .43  (DD-963  program) 

SUPSHIP  Pascagoulo 

1973 

* 1 ,43  (DD-963  program) 

Do. 

1 .42  (FFG  program) 

Bath  Iron  Works/General 

(7/6/73  option  60  modules) 

Electric  Company 

1 .4  (FFG  program) 

Do. 

(renegotiated  option  ) 

1 .31  (FFG  program) 

Do. 

1974 

(renegotiated  option  price 
less  product  improvement 
and  worranty) 

FFG  prices  subject  to  escalation 
and  other  adjustments  depending 
on  time  of  delivery. 

1 .66  (FFG  Land  Based  Test  Site) 

Both  Iron  Works/  Generol 

(7/74  bil ling  date) 

Electric  Company 

* 1 .43  (DD-963  progrom) 

SUPSHIP  Poscogoulo 

1975 

1.72  (FFG  Lead  Ship) 

Bath  Iron  Works/  Generol 

(9/75  billing  date) 

Electric  Company 

* 1.43  (DD-963  program) 

SUPSHIP  Pascagoula 

1976 

* 1 .43  (DD-963  program) 

SUPSHIP  Pascagoulo 

GFE  * Government  Furnished  Equipment: 

2.01  (FFG  FY  *75  progrom)  General  Electric  Company 

(6  modules  shipped  in  place, 
stored  ot  Evendale,  owned  by  Navy) 

1977  2.08  (FFG  FY  f76  program)  Generol  Electric  Compony 

(12  modules  shipped  in  place, 
stored  at  Evendale,  owned  by  Navy) 


* Average  price  for  Five  Yeor  Period 
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the  actual  cost  growth  of  the  LM  2500  module  for  the  period  1970  - 
1979  is  shown  in  Figure  E.20. 

v 

The  cost  growth  rate  according  to  the  Navy  estimates  cover- 
ing 1970  to  1979  is  15  percent  compounded  over  the  nine-year  period. 
The  actual  cost  growth  rate  from  1970  to  1977  is  10  percent  compounded 
over  the  seven-year  period.  In  calendar  year  1976,  the  cost  estimate 
for  an  LM  2500  module  used  in  preparing  the  budget  submission  to 
Congress  covering  the  FY  1976  Guided  Missile  Frigate  (FFG)  program 
was  $2,996  million;  in  calendar  year  1977  the  actual  cost  per  module 
of  12  modules  shipped  in  place,  stored  at  Evendale  and  owned  by 
Navy  for  the  FY  1976  FFG  program  was  $2.08  million  ($2.14  million, 
including  Bath  Iron  Works  3 percent  fee).  The  estimate,  then,  was 
about  40  percent  higher  than  the  actual  cost.  In  calendar  year  1977, 
the  cost  estimate  for  an  LM  2500  module  used  in  preparing  the  budget 
submission  to  Congress  covering  the  FY  1978  FFG  program  was  $3.6 
million.  This  estimate  is  about  70  percent  higher  than  the  actual 
cost  per  module  of  12  modules  shipped  (but  stored  at  Evendale)  by 
General  Electric  in  calendar  year  1977  for  the  FFG  program. 

Estimates  made  by  General  Electric  on  August  3,  1977  pro- 
ject that  the  unit  cost  of  an  LM  2500  marine  gas  turbine  module  for 
the  FFG  program  will  be  $2,285  million  for  delivery  in  calendar  year 
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1978  and  $2.34  million  for  1979  delivery.  These  figures  would  be 
about  $2.35  million  and  $2.41  million,  respectively,  if  the  BIW  3 
percent  fees  were  included.  Estimates  made  by  Navy  of  the  unit 
cost  (including  the  BIW  fee)  of  an  LM  2500  marine  gas  turbine  module 
for  the  FY  1979  FFG  program  have  ranged  from  about  $4.62  million, 
used  in  preparing  a budget  to  Congress,  to  $4,464  million  in  a late 
July  1977  estimate.  The  Navy  estimates  are  about  $2  million  per 
module  higher  — or  at  least  85  percent  higher  — than  those  of 
General  Electric. 

(7)  Evaluation  Of  The  Navy  LM  2500  Cost  Estimating  Capability 

Indicates  That  It  Should  Be  Improved 

Evaluation  of  the  Navy's  LM  2500  cost  estimating  capability 
and  performance,  as  developed  in  some  detail  in  the  preceding  sections, 
indicates  that  considerable  improvement  should  be  made  in  the  estima- 
ting capability  and  in  the  quality  of  the  estimates. 


* * * * * 
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The  following  is  a summation  of  the  cost  estimating  process  for  the 


LM  2500  Marine  Gas  Turbine: 


Staffing  and  Organizational  Structure  — Estimates  made  by 
NAVSEA01G,  SHAPM's,  SUPSHIPS,  NAVSEC;  considering 
total  number  of  persons  involved  in  all  organizations,  staffing 
is  adequate. 

Data  Banks — None.  Estimates  must  be  obtained  from  files 
of  the  various  organizations. 

Return  Cost  and  Bid  Data  — Very  scarce  or  nonexistent  in 
the  files  of  the  various  Navy  organizations  making  estimates. 

Escalation  and  Inflation  Predictions — Inflation  factors  are 
used  in  developing  estimates,  but  little,  if  any,  use  is  made 
of  the  escalation  formula  contained  in  the  General  Electriq/ 
Bath  Iron  Works  option  agreement  covering  the  procurement 
of  60  LM  2500  modules. 

Quality  vs.  Available  Technical  Description  — Very  detailed 
descriptions  are  available  on  the  LM  2500  marine  gas  turbine 
module  and  its  various  components.  TheGE/BIW  option  agree- 
ment for  60  LM  2500  modules  is  very  detailed  also.  Even  so, 
the  estimates  have  been  consistently  higher  than  return  costs, 
with  recent  estimates  being  at  a minimum  40  percent  higher 
than  related  return  costs.  Looking  into  LM  2500  module  de- 
liveries to  the  FFG  program  in  1978  and  1979,  Navy  estimates 
are  over  $2  million  per  module  higher  — or  at  least  85  per- 
cent higher  — than  General  Electric  estimates.  Also,  it  is 
worthy  of  note  that  none  of  the  Navy  cost  estimates  for  LM 
2500  modules  reflects  any  part  of  the  Project  Manager's 
Reserve  of  10  percent  for  all  GFE  (Government  Furnished 
Equipment),  including  LM  2500's,  that  is  included  in  new 
ship  construction  cost  estimates  in  budget  submittals  to 
Congress. 

Estimating  Response  Time  — Time  taken  to  develop  an  esti- 
mate depends  on  when  estimate  is  needed.  If  an  estimate  is 
needed  quickly,  it  is  provided  quickly.  Whether  such  an  esti- 
mate is  of  high  quality  is  conjectural. 
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Review  Procedures  — NAVSEA  01 G and  SHAPM's  coordinate 
their  estimates,  but  the  methodology  used  by  Navy  organiza- 
tions involved  in  LM  2500  cost  estimating  is  not  standardized. 

Technical  Complexity  And  Value  Of  A Unit  Of  The  Product  — 
The  LM  2500  marine  gas  turbine  module  is  of  great  technical 
complexity.  The  actual  unit  value,  or  price,  for  twelve  LM 
2500  modules  delivered  to  the  Navy  in  1977  was  $2.08  million 
per  module  ($2.14  million  if  BIW  3 percent  fee  is  included). 
Since  the  Navy  cost  estimate  for  these  was  at  $2,996  million 
per  module,  the  Navy  estimate  of  the  total  cost  of  these  par- 
ticular twelve  modules  was- over  $10  million  too  high. 
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VII.  PERFORMANCE  EVALUATION 


Over  the  last  eight  years,  the  Navy  has  requested  funding  for  132 
ships  in  1 3 major  classes  totalling  some  $18.8  billion.  In  late  1976,  the 
Navy  estimated  that  to  maintain  this  program  in  a fully  funded  status,  $22.2 
billion  would  be  required  — an  18  percent  increase  of  $3.4  billion. 

TABLE  E.87 

SHIPBUILDING  PROGRAM  — 1970  - 1977 


No  Escalation 
Constant  1970  Dollars- 


Escalation 
■Then  Year  Dollars- 


Estimate 

Actual 

Difference 

% 

Estimate 

Actual 

Differen 

ce  % 

SSN  688 

4,931 

5,198 

267 

5 

6,033 

6,382 

349 

6 

TRIDENT 

2,519 

2,896 

377 

15 

3,320 

3,816 

496 

15 

CVN 

1,259 

1,681 

422 

33 

1,418 

1,943 

525 

37 

CGN 

833 

1,005 

172 

21 

944 

1,140 

196 

21 

DD  963 

2,334 

3,128 

794 

34 

2,739 

3,696 

957 

35 

FFG 

1,648 

1,882 

234 

14 

2,136 

2,370 

234 

11 

LHA 

573 

847 

274 

48 

590 

872 

282 

47 

AD 

407 

503 

96 

24 

579 

708 

129 

22 

AS 

325 

447 

122 

38 

434 

577 

143 

33 

AOR 

50 

75 

25 

50 

57 

86 

29 

51 

AO 

309 

263 

(46) 

04) 

443 

375 

(68) 

(15) 

PHM 

71 

181 

no 

154 

96 

243 

147 

153 

Total 

15,259 

18,106 

2,847 

19 

18,789 

22,208 

3,319 

18 

SSBN  conversions  not  included. 
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THE  NAVY'S  ABILITY  TO  ESTIMATE  BASIC  SHIP  CONSTRUCTION 
COST  SHOWS  A WIDE  RANGE  OF  VARIANCE 


1 . 


The  Navy's  overall  ability  to  predict  the  total  ship  construction  pra*6^ 
gram  cost  since  FY  1970  is  shown  on  Figure  E.  21  . The  Navy's  estimate 
reporting  system  shows  an  average  cost  growth  over  the  original  budget  of 
23  percent  for  FY  1970  through  FY  1975.  The  records  also  show  a prediction 
of  substantial  improvement  for  FY  1976  and  1977,  but  these  programs  are  still 
in  their  early  stages  — their  cost  may  change. 

Figure  E.22  shows  the  dollar  value  of  the  cost  growth  in  three  areas. 


Contract  Escalation  — this  is  the  additional  amount  paid 
under  the  contract  provision  compared  to  what  was  original- 
ly estimated  to  be  paid. 

Basic  Construction  — this  shows  additional  cost  of  basic 
ships  without  GFM  from  the  first  budget  estimate  submitted 
and  approved  by  Congress  to  the  present.  These  increases 
reflect  design  changes,  increases  in  inflation  rates,  and 
changes  in  productivity  assumptions  that  take  place  prior  to 
contract  award. 

Net  Other  — this  is  primarily  increases  in  the  cost  of  GFM 
hardware  and  changes  in  margins. 


We  have  mentioned  that  escalation  has  been  a major  element  of  cost 
growth.  It  has,  therefore,  received  a great  deal  of  attention  in  the  last  few 
years  and  by  and  large,  the  more  recent  budget  estimates  have  large  allow- 
ances for  escalation  that  are  now  being  accepted  by  the  review  chain. 


E-308 


PROGRAM  COST  GROWTH 
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PROGRAM  YEAR 


2. 


THE  SHIP  CASES  PROVIDE  ADDITIONAL  DATA  BEARING  ON  COST 
GROWTH 


In  Chapter  II  of  this  appendix,  39  potential  cost  drivers  were  identified. 
As  each  ship  was  studied,  the  occurrence  of  these  potential  cost  drivers  was 
noted.  Table  E.88  shows  their  occurrence  on  each  ship  project.  If  the  cost 
driver  was  present,  it  is  so  indicated  by  an  X;  if  the  cost  driver  was  a serious 
problem,  it  is  noted  by  a 2X. 

No  percentage  or  finer  weighting  can  be  applied  to  the  table,  but  it 
can  be  suggested  that 

. The  greater  the  number  of  these  items  present,  the  greater  the 

difficulty  for  the  estimator. 

. The  number  of  cost  drivers  present  correlate  roughly  with  the 

magnitude  of  the  overruns: 

- SSN  678  — 20  percent  growth,  4 drivers 
FFG  7 — 41  percent  growth,  17  drivers 
AOR  7 — 52  percent  growth,  18  drivers 

Touching  briefly  on  the  reason  for  choosing  these  particular  items  as 
cost  drivers,  the  following  is  submitted. 

. Constraints  on  estimates 

Pressure  existed  in  the  FFG  program  to  maintain  estimates 
at  or  below  DTC  goals. 

Official  directives  constrained  estimates  during  AOR  7 
budgeting. 
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TABLE  E.88 

INFLUENCE  OF  COST  DRIVERS 


PRESENCE  OF  COST  DRIVERS 

COST  DRIVER 

SSN  678 

FFG  7 

AOR  7 

Programming/Budgeting 

constraints  on  estimates 

X 

2X 

unanticipated  escalation 

X 

2X 

reduced  program 
program  uncertainties 
additional  stack  units 

X 

X 

Technical  Definition 

insufficient  definition 

X 

2X 

system  upgraded 

2X 

2X 

additional  systems 

X 

X 

X 

additional  specifications 

2X 

X 

X 

incorrect  plans 

X 

late  changes  under  contract 

X 

X 

X 

Estimating 

paar  estimates 

X 

inadequate  time  ta  estimate 

X 

changed  market  conditions 

2X 

X 

different  overhead  burden 

X 

less  efficient  shipyard 
low  productivity 

X 

fewer  shipyards 

retention  af  shipbuilding  base 

X 

Personnel 

management  instability 

too  few  estimators 

estimating  responsibilities  diffused 

2X 

Scheduling 

schedules  event  delays 

X 

X 

poor  scheduling 

X 

X 

late  GFE/GFI 

X 

late  CFE/CFI 

X 

2X 

Contracting 

poor  farm  af  contract 

Construction 

technical  difficulties 
shipbuilder's  backlog 

X 

low  productivity 

X 

X 

work  stoppages 
mismanagement 
inadequate  facilities 
labor  shortage 

X 

Government  Programs 

management  layering 
excessive  management 

excessive  inspections 

social  programs 

delay  in  government  actions 

TOTALS 

4 

17 

18 
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Unanticipated  escalation 


- Important  at  the  very  beginning  of  the  FFG  program, 
but  estimates  soon  took  high  escalation  into  account. 

AOR  7 escalation  was  used  up  prior  to  delivery  and 
additional  funds  requested — never  really  had  a handle 
an  escalation  estimates. 

Program  uncertainties 

Uncertainties  about  ordnance  and  sensors,  operational 
testing,  cost  effectiveness  — all  have  caused  cost  growth 
in  the  FFG  program. 

- Uncertainties  relating  to  characteristics  (modified  repeat 
versus  new  class),  acceptable  budget  cost,  completeness 
of  prior  ship  drawings  — all  caused  growth  in  the  AOR  7. 

Insufficient  definition 

Certain  GFM  characteristics  were  not  decided  upon  until 
late  in  development  and  caused  bad  end  cost  estimates.  FFG 

- Drawing  and  specificatons  of  prior  ships  in  the  class  were 
not  kept  up-to-date.  AOR  7 

System  upgraded 

The  SSN  678  was  the  first  ship  in  the  SSN  637  class  to 
have  the  re-engineered  hull, 

- New,  mare  capable  GFM  were  added  ta  ship,  i.e., 

FCS,  sonar,  gun,  etc.  FFG 

Additional  systems 

In  the  SSN  678  — AIGS  III  S&W,  improved  PUFFS, 

Satellite  navigation,  new  launch  console. 

- In  the  FFG  — LAMPS  III,  CIWS,  extra  generator, 
TACTLASS. 

In  the  AOR  7 — helo  hangers,  NATO  SEASPARROW, 
improved  habitability,  updated  communications. 
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Additional  specifications 


On  all  ships,  additional  systems  and/or  modified  systems 
caused  additional  specifications  and  costs  throughout 
the  building  period. 

Incorrect  plans 

As  has  been  mentioned,  the  AOR  1 through  6 plans  had 
not  been  kept  up-to-date. 

Late  changes  under  contract 

- HMRs  were  common  for  dll  three  ships. 

Plans  changes  for  SSN  678  amoupted  to  $9  million,  for 
the  FFG  7 about  $20  million  and  a much  smaller  figure 
for  the  AOR  7. 

Inadequate  time  to  estimate 

- AOR  7 estimates  often  were  made  in  less  than  a day. 

Changed  market  conditions 

- The  FFG  program  office  listed  nine  companies  capable 
of  building  the  ship,  only  two  were  interested;  effect 
was  to  add  $8  million  to  an  average  follow  ship. 

- Stable  economic  and  market  conditions  existed  for  the 
SSN  678,  quite  the  opposite  for  the  AOR  7 and  FFG  7. 

Different  overhead  burden 

- Overhead  for  the  shipyards  building  the  FFGs  was  greater 
than  estimated  due  to  lack  of  other  repair  and  commer- 
cial work. 

Low  productivity 

- Only  the  FFG  7 can  be  said  to  suffer  from  lowered 
productivity  to  a serious  extent.  This  was  due  to  lack 
of  prior  complex  Navy  construction,  layoffs  for  lack  of 
work,  etc. 
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Retention  of  shipbuilding  base  — funds  were  spent  (but  not 
estimated)  to  secure  larger  industry  participation.  FFG 

Estimating  responsibilities  diffused  — with  the  AOR  7,  available 
money  seemed  to  drive  the  estimate.  Arbitrary  figures  were 
suggested  and  the  estimate  had  to  conform. 

Schedule  delays  — 

The  FFG  7 construction  delays  approach  one  year. 

AOR  7 delay  was  nine  months. 

Poor  scheduling  — scheduling  of  CFM  procurement  was  respon- 
sible for  problems  in  AOR  7 construction  and  early  design  delays 
caused  a similar  problem  with  the  FFG  7. 

Late  GFE/GFI  — the  NATO  SEASPARROW  was  late  and  was  part 
of  the  HMR  negotiated  on  the  AOR  7.  Also,  the  late  infor- 
mation to  bring  plans  up-to-date  caused  delay  and  expense. 

Late  CFE/CFI  — this  became  a critical  problem  on  the  AOR  7 
especially  in  the  valve  area;  a six  month  delay  in  ordering  CFM 
took  place  on  the  FFG  7. 

Technical  difficulties  — Bath  Iron  Works  has  had  difficulties  in 
installation  of  the  propulsion  system  and  general  problems  with 
compl  exity  of  ship  outfitting. 

Low  productivity  — a generally  lower  than  predicted  productivity 
present  in  both  AOR  7 and  FFG  building  periods.  Manhour 
estimates  greatly  exceeded. 

Work  stoppages 

Strikes  occurred  at  BIW  and  Sperry  Rand  and  may  have  had 
minor  cost  effect  on  FFG  7. 

Strike  at  NASSCO  may  have  had  minor  effect  on  AOR  7. 
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3. 


THE  GFM  CASE  HISTORIES  PROVIDE  ADDITIONAL  INFORMATION 
REGARDING  ESTIMATING  AND  COST  GROWTH 


Cost  estimating  for  GFM  is,  except  for  several  recent  cases  studied, 
so  called  as  to  not  allow  the  chart  approach  to  cost  drivers  used  with  the  ship 
studies.  In  general,  estimates  are  quotes  from  vendors  with  installation  mark- 
ups added,  or  contract  prices  escalated  forward  but  seldom  is  there  a concerted 
effort  to  maintain  control  over  unit  costs  of  shipboard  equipment. 


Some  general  conclusions  can  be  made  about  many  GFM  systems: 


There  is  no  uniform  method  of  estimating  for  GFM  . 

No  data  banks  are  maintained  so  that  a review  of  past  costs 
can  be  performed  by  Navy  management  or  others. 

From  information  that  can  be  collected,  wide,  unexplained 
variances  exist  in  estimates  made  for  ships.  These  variances 
have  no  consistency  by  year  or  by  similar  ships. 

Although  in  many  systems  solid  technical  baselines  exist,  esti- 
mating and  cost  control  personnel  are  not  required  to  take 
advantage  of  this  situation  to  improve  estimating  performance. 

Installation  add-ons  seem  to  have  no  particular  relationship, 
except  in  a few  cases  no  return  costs  are  required  or  utilized. 

Sole  source  procurements  have  tended  to  exhibit  faster  cost 
growth  and  estimating  difficulty  than  completion  procurements. 

Although  weapons  and  sensors  are  being  estimated  for  SCN 
appropriations,  many  have  R&D  quality  baselines  making  it 
difficult,  if  not  impossible  to  estimate  to  the  weapon  or  sensor 
to  which  they  are  applied.  All  GFM  gets  the  same  handling. 
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All  these  points  apply  ta  a number  af  GFM  items  — irrespective  of 
cost.  The  more  expensive  items  (aver  $4  million)  are  handled  similarly  to 
cheaper  items  (less  then  $1  million). 

Some  GFM  procurements  studied  stand  out  as  well  managed,  and  cost 
conscious  efforts. 


The  procurement  af  the  LM  2500,  although  estimates  are 
relatively  high,  shows  normal  cast  patterns,  and  adequate 
data  would  seem  to  be  available. 

The  CIWS  project  exhibits  particular  cost  conciousness  and 
much  effort  is  placed  in  preparing  accurate  projections  and 
managing  to  a cast  target. 


Recent  setps  taken  by  NAVSEA  01 G provide  some  prospect  for  improve- 
ment, but  much  more  should  be  done  to  estimate  and  control  the  procurement 
of  GFM  which  amounts  (over  the  last  eight  years)  to  S150  million. 


l 
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EXHIBIT  E.l 


CLASSIFICATION  AND  MISSION  OF  THE  PRINCIPAL 
SHIP  CLASSES  IN  THE  FY  1970  - 1977  SCN  PROGRAMS 


The  ships  fall  info  two  of  the  four  classifications/  ' i.e..  Combatant 
Ships  and  Auxiliary  Ships.  Combatant  Craft  and  Service  Craft  are  not  included. 


Combatant  Ships  include  the  following  types: 
. Warships 


Aircraft  Carrier  (nuclear  propulsion)  CVN 

Guided  Missile  Cruiser  (nuclear  propulsion)  CGN 

Destroyer  DD 

Guided  Missile  Frigate  FFG 

Patrol  Combatant  Missile  (hydrofoil)  PHM 

Submarine  (nuclear  propulsion)  SSN 


Fleet  Ballistic  Missile  Submarine  (nuclear  propulsion)  SSBN 
Amphibious  Warfare  Ships 


Amphibious  Assault  Ship  (general  purpose)  LHA 

The  Auxiliary  Ships  include: 

. Destroyer  Tender  AD 

. Replenishment  Oiler  AOR 

. Submarine  Tender  AS 

. Fleet  Oiler  AO 


(^Taken  from  "Classifications  of  U.S.  Naval  Ships  and  Craft"  dated  Jan.  6,1975. 


A brief  description  and  statement  of  the  mission  of  these  ship  types  will 
highlight  the  differences  in  design  in  terms  of  size,  configuration  and  type 
of  armament. 
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CVN  - an  all  purpose  nuclear  propelled  aircraft  carrier  with  an  over- 
all length  of  1092'  and  maximum  flight  deck  width  of  252'. 

The  waterline  length  and  beam  are  1040'  and  134',  respectively. 
The  estimated  total  ship  manning  is  5,722.  Its  mission  is  to 
operate  aircraft  and  engage  in  attacks  on  targets  at  sea  and 
ashore.  At  sea,  targets  include  those  submerged  as  well  as 
those  afloat. 

CGN  (38  class)  - a nuclear  powered  guided  missile  cruiser  with  an 

overall  length  of  585'  and  maximum  beam  of  63'  with  accommo- 
dations for  497  personnel.  The  ship  is  armed  with  missiles  for 
both  antiair  and  antisubmarine  warfare.  Additional  armament 
includes  guns,  torpedoes,  electronic  warfare  suite  and  provision 
for  an  embarked  helicopter.  It  operates  offensively,  indepen- 
dently or  with  strike,  antisubmarine  or  amphibious  forces 
against  air,  surface  and  submarine  threats. 

DD  (963  class)  - a gas  turbine  driven  destroyer  measuring  563'  overall 
and  maximum  beam  of  55',  with  accommodations  for  296 
personnel.  Its  primary  missions  are  to:  I)  provide  protection 
to  Attack  Carrier  Forces  against  surface/submarine  threat, 

2)  escort  Amphibious  Assault/Preassault  forces,  and  3)  conduct 
shore  bombardment  in  support  of  amphibious  assault  on  land 
warfare  forces.  This  ship  also  has  numerous  secondary  missions, 
one  of  which  is  limited  air  control.  Armament  required  to  carry 
out  its  three  types  of  warfare  are  included,  i.e.,  torpedoes, 
guns  and  missiles. 

FFG  - a gas  turbine  powered  guided  missile  frigate  with  an  overall 

length  of  445',  maximum  beam  of  45'  and  accommodations  for 
185  personnel.  Its  mission  Is  to  provide  self-defense  and  supple- 
ment escorts  in  the  protection  of  underway  replenishment  groups, 
amphibious  forces  and  mercantile  shipping  against  sub-surface, 
air  and  surface  threats.  Armament  includes  missiles,  torpedoes, 
a rapid  fire  gun  and  hangar  facilities  for  two  helicopters. 

PHM  - a patrol  combatant  missile  (hydrofoil)  measuring  approximately 
132'  in  overall  length  with  foils  down  and  a 28'  beam  at  main 
deck  level-  Accommodations  are  provided  for  21  personnel.  Its 
mission  is  to  operate  offensively  against  major  surface  comba- 
tants and  other  surface  craft,  and  to  conduct  surveillance, 
screening  and  special  operations.  Propulsion  is  by  waterjet 
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pump;  foilbome  driven  by  a gas  turbine  engine  and  hullbome 
by  two  diesel  engines.  Armament  includes  surface  to  surface 
missiles  and  gun  with  appropriate  fire  control  system. 

SSN  (688  class)  - a high-speed  nuclear  attack  submarine  with  an 

overall  length  of  360'  and  33'  maximum  beam  and  accommo- 
dations for  a crew  of  102.  Its  mission  is  to  destroy  enemy 
shipping  including  sumarines  and  surface  ships.  It  is  armed 
with  torpedoes  and  missiles,  advanced  sonar  and  fire  control 
systems  and  a central  computer  complex  to  integrate  naviga- 
tional and  fire  control  data  processing. 

SSBN  (Trident)  - a fleet  ballistic  missile  submarine  measuring  approx- 
imately 560'  in  length  and  42'  in  diameter  with  accommoda- 
tions for  a crew  of  150  personnel.  It  is  equipped  with  long- 
range  strategic  ballistic  missiles  end  facilities  necessary  to 
support  the  submarine  and  strategic  weapon  system.  The 
Trident  submarine  offers  the  best  of  current  technology. 

LHA  - a general  purpose  amphibious  assualt  ship  measuring  820'  in 

length  overall  and  106'  beam  with  accommodations  for  a total 
of  2,805  personnel,  which  includes  a crew  of  762.  Its  mission 
is  to  transport  and  put  ashore  troops  and  their  essential  combat 
equipment  and  supplies  by  means  of  embarked  helicopters, 
amphibious  craft  and  amphibian  vehicles.  It  is  equipped  with  3 
5" lightweight  guns,  Basic  Point  Defense  Surface  Missile  System 
and  fire  control . 

AD  (41  class)  - a destroyer  tender  measuring  643'  in  length  overall  - 
and  85'  maximum  beam  with  a total  of  1,508  accommodations. 
Its  mission  is  to  provide  necessary  material  and  shops  for  the 
calibration,  test  and  overhaul  of  equipment  and  the  accom- 
plishment of  repairs  not  requiring  shipyard  facilities  for  all 
destroyer/frigate  types  including  CGN  nuclear  propulsion 
support.  Armament  includes  Sea  Sparrow  missiles  and  appro- 
priate fire  control . 

AS  (39  class)  - a submarine  tender  measuring  643'  in  length  overall 

and  85'  maximum  beam  with  accommodations  for  1,351  person- 
nel. Its  mission  is  to  provide  mobile  base  facilities  capable 
of  furnishing  maintenance  and  logistic  support  for  nuclear 
attack  submarines,  including  SSN  (688  class),  operating  from 
advanced  sites.  Armament  includes  Sea  Sparrow  missiles  and 
appropriate  fire  control. 
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AOR-7  (1  clcss)  - a replenishment  oiler  of  approximately  658'  in 

length  overall  and  96'  beam  with  accommodations  for  457 
personnel,  built  to  commercial  standards.  Its  mission  is  to 
provide  rapid  replenishment  of  petroleum  products,  ammuni- 
tion, provisions,  repair  parts,  consumable  stores  and  fleet 
freight  to  operating  forces,  by  underway  replenishment  and 
helicopter  operations.  Armement  includes  Sea  Sparrow 
missiles  and  appropriate  fire  control. 

AO  (177  class)  - a fleet  oiler  measuring  592*  in  length  overall  and 
88'  beam  with  accommodation  for  135  personnel.  Its  mission 
is  to  furnish  petroleum  products  to  operating  forces  at  sea. 
Armament  includes  2 close-in  PHALANX  weapon  system  (CIWS). 
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EXHIBIT  E.2 


SHIPYARDS  CONSTRUCTING  THE  PRINCIPAL  SHIP  CLASSES 
IN  THE  FY  1970  - 1977  SCN  PROGRAM 


The  number  of  shipyards  Involved  In  the  program  Is  Indicated  In  the 
table  below.  The  FFG  and  SSN  programs  are  contracted  to  more  than  one 
yard.  Each  of  the  other  ship  types  in  the  FY  1970  - 1977  programs  Included 
herein,  and  awarded  to  date,  is  concentrated  In  one  shipyard.  The  breakdown, 
by  ship  type,  is  as  follows: 


Ship  Newport  Electric  Ingalls  Bath  Todd,  San  Todd,  National  Lock-  Avon- 

Type News  Boat  (Litton) Pedro  Seattle  Steel  heed  dale 


SSN 

10 

18 

DD 

30 

FFG 

6 

3 

1 

TRIDENT 

4 

LHA 

4 

CGN 

4 

AD 

2 

AS 

2 

CVN 

2 

AOR 

1 

PHM^1' 

AO 

L 

f 

2 

NOTE:  Four  PHMs  authorized  in  FY  1975  out  of  SCN  funds  have  not  been 

contracted.  Two  PHMs  authorized  in  FY  1973  are  under  contract 
with  Boeing  Company,  Seattle,  Washington  but,  since  they  are 
funded  out  of  RDT  & SE,  the  are  not  included  herein. 


In  testimony  before  the  U.S.  Senate  Committee  on  Armed  Services  on 
April  29,  1976,  the  Honorable  William  P.  Clements,  Jr.,  Deputy  Secretary  of 
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Defense,  testified  regarding  the  decreasing  number  of  shipyards  engaged  in 
naval  ship  construction,  as  follows: 

"In  1960,  14  private  shipyards  were  engaged  in  the  construction  of 
83  major  combatant,  amphibious  warfare,  and  large  auxiliary  naval 
vessels.  Also,  naval  vessels  were  built  in  five  naval  shipyards. 

Fifteen  years  later,  in  1975,  over  90  percent  of  the  Navy's  shipbuild- 
ing program  (62  out  of  66  ships)  was  concentrated  in  three  yards  (New- 
port News,  Electric  Boat,  and  Ingalls*  and  no  new  construction  ship 
project  has  been  assigned  to  a naval  shipyard  since  1967." 

The  situation  has  begun  to  change  in  that  more  shipyards  are  involved  in 
the  construction  of  naval  ships.  Currently,  9 shipyards  have  contracted  for  the 
construction  of  90  major  combatant,  amphibious  warfare  and  large  auxiliary  ships. 

Of  the  90  ships  that  have  been  contracted  with  these  yards,  72,  or  80  percent, 
are  with  the  same  three  shipyards:  Newport  News,  Electric  Boat  and  Ingalls. 

The  trend  toward  a more  equitable  distribution  appears  to  be  in  the  making  con- 
sidering the  current  estimate  of  a 74  ship  FFG  program  and  the  involvement  of  3 
shipyards  in  the  construction  of  this  type  at  the  present  time. 

Only  two  yards.  Electric  Boat  and  Newport  News,  are  now  involved 
in  construction  of  nuclear  propelled  ships.  Electric  Boat  has  engaged  in  construc- 
tion of  submarines  only  and  is,  thus  far,  the  only  yard  to  be  awarded  contracts  for 
construction  of  the  Trident  Class  submarine.  Newport  News,  on  the  other  hand, 
has  contracted  to  build  surface  as  well  as  subsurface  nuclear  ships  and  is,  at  present, 
the  sole  source  for  CVNs  and  CGNs. 
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Ingalls*  has  been  the  major  producer  of  non-nuclear  combatant  ships, 
being  the  sole  source  for  LHAs  and  DDs.  Newport  News  and  National  Steel 
are  the  only  other  yards  producing  more  than  one  type  of  ship. 

* Ingalls  Shipbuilding  Division,  Litton  System  Inc.,  Pascagoula, 
Mississippi . 
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EXHIBIT  E.3 


ACQUISITION  STATUS  OF  THE  PRINCIPAL  SHIP 
CLASSES  IN  THE  FY  1970-1977  SCN  PROGRAMS 

The  SSN  (688  class)  program  was  initially  authorized  in  FY  1970  with 
appropriations  for  three  ships  and  has  continued  through  FY  1977  for  a total  of 
31.  The  total  estimated  number  of  ships  in  the  program  is  39,  which  includes 
two  ships  per  year  in  the  period  FY  1978  through  FY  1981.  The  first,  and  only 
ship  to  be  delivered  to  date,  was  by  Newport  News  on  November  2,  1976.  The 
second  is  estimated  to  be  delivered  by  Electric  Boat  on  March  26,  1977.  Con- 
tracts have  been  executed  for  28  of  the  31  ships,  with  17  of  them  in  various 
stages  of  construction  in  the  two  shipyards. 

The  SSBN  (Trident)  program  commenced  with  authorization  of  a single 
ship  in  FY  1974.  Through  FY  1977,  five  out  of  a total  program  estimate  of  11 
ships  have  been  authorized.  Four  have  been  contracted  to  Electric  Boat.  Con- 
struction has  started  three  of  the  four  and  the  keel  of  the  first  one  was  laid  in 
April  1976.  There  have  been  no  deliveries. 

The  CGN  (38  class)  commenced  with  authorization  for  one  in  FY  1970 
and  followed  with  one  each  in  FYs  1971,  1972  and  1975.  All  four  have  been 
contracted  to  Newport  News.  The  first  ship  was  delivered  in  August  1976  and 
the  second  is  scheduled  for  mid  1977. 
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The  CVN  69  and  70  were  authorized  in  1970  and  1974,  respectively. 
Both  are  of  the  NIMITZ  class.  The  CVN  68  was  delivered  by  Newport  News, 
where  the  CVN  69  and  70  are  under  construction.  The  shipbuilder's  target  date 
for  delivery  of  the  CVN  69  is  June  1977;  however,  there  is  potential  for  slip- 
page in  the  date.  The  CVN  70  is  in  a much  earlier  stage  of  construction. 

The  DD  (963  class)  commenced  with  award  of  three  to  Ingalls  that  were 
authorized  by  Congress  in  the  FY  1970  program.  A total  of  30  ships  have  been 
authorized  through  FY  1975,  all  of  which  have  been  contracted  to  Ingalls. 

Five  of  the  ships  have  been  delivered  and  21  others  are  in  various  stages  of 
construction . 

The  LHA  program  began  with  the  award  of  one  ship  in  the  FY  1969 
program  to  the  new  Litton  Ingalls  yard.  This  was  followed  by  the  award  of 
two  each  in  Fiscal  Years  1970  and  1971.  Originally,  the  program  was  to  be 
for  nine  ships,  but  was  reduced  to  five.  The  first  ship  was  delivered  in  May 
1976  and  the  other  four  are  in  various  stages  of  construction.  Estimated 
delivery  of  the  second  ship  is  September  1977. 

The  FFG  program  commenced  with  the  authorization  of  the  FFG  7 
(originally  designated  as  PF)  in  the  FY  1973  program.  Through  FY  1977,  18 
out  of  a total  program  estimate  of  74  have  been  authorized,  and  10  have  been 
placed  under  contract.  The  first  ship,  being  constructed  at  Bath,  was  launched 
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in  September  1976  and  is  estimated  to  be  ready  for  delivery  in  December 
1977.  Construction  is  not  scheduled  to  start  on  any  of  the  other  ships 
before  March  1977. 

The  PHM  program  commenced  with  the  authorization  of  2 in  FY  1973; 
however,  since  these  are  being  constructed  (by  Boeing  Company,  Seattle, 
Washington)  with  RDT  & E funds,  they  were  not  included  in  this  review.  The 
first  SCN  funded  authorization  was  for  four  in  the  FY  1975  program.  Con- 
tracts) for  construction  of  the  latter  had  not  been  executed  at  the  time  of 
this  review. 

The  AD  (41  class)  destroyer  tender  program  was  initiated  with 
authorization  of  one  in  FY  1975  and  continued  with  one  in  each  of  Fiscal 
Years  1976  and  1977.  Contracts  have  been  awarded  for  two  of  the  three 
ships  and  construction  of  the  first  of  these  was  scheduled  to  begin  late  in 
1976.  A total  program  of  five  ships  is  estimated. 

The  AOR  7 was  a single  ship  program  which  was  authorized  in 
FY  1972  and  constructed  by  National  Steel  and  Shipbuilding  Company.  It 
was  delivered  on  October  14,  1976. 

The  AS  (39  class)  submarine  tender  program  is  comprised  of  three 
ships  which  were  authorized  on  a one  per  year  basis  in  Fiscal  Years  1972, 
1973,  and  1977.  The  first  two  ships  were  placed  under  contract  in 
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November  1974  with  Lockheed  Shipbuilding  and  Construction  Company. 

The  keels  have  been  laid  for  both  ships  and  launching  of  the  first  was 
scheduled  for  March  1977. 

The  AO  (177  class)  fleet  oiler,  estimated  to  be  an  11  ship  program, 
commenced  with  authorization  of  two  in  FY  1976  and  one  in  FY  1977.  The 
first  two  ships  were  placed  under  contract  in  August  1976  with  Avondale 
Shipyards  Inc.  Construction  is  scheduled  to  start  in  December  1977. 
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EXHIBIT  E.4 


CLAIMS  SITUATION  WITH  RESPECT  TO  THE  PRINCIPAL 
SHIP  CLASSES  IN  THE  FY  1970  - 1977  SCN  PROGRAM 


On  April  29,  1976,  during  hearings  conducted  by  the  Committee  on 
Armed  Services  of  the  United  States  Senate,  the  Honorable  William  P.  Clements, 
Jr.,  Deputy  Secretary  of  Defense  testified  as  follows: 


"It  can  be  said  that  the  overall  universe  of  the  shipbuilding 
claims  problem  since  January  1969  to  April  1,  1976  amounts 
to  $3, 189  million.  Of  this  amount,  $1,317  million  have  been 
settled  and  $1,872  million  are  pending." 


The  settlements  referred  to  in  the  above  statement  were  on  54  claims 
submitted  by  12  shipyards.  The  list  of  claimants  included  virtually  every  major 
shipbuilder  in  the  United  States  and  the  types  of  ships  included  surface  and 
subsurface  combatants  as  well  as  a variety  of  auxiliary  ships. 

As  of  December  16,  1976,  there  were  10  shipbuilding  claims  by  4 
shipyards  which  totaled  $2,141  million.  These  claims  included  the  following 
ships  in  the  FY  1970  - 1977  programs: 
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Yard  and  Ships 

Claim  Amount 

(5  millions) 

Newport  News 

SSN  688 

78.5 

SSN  689,691,693,695 

191.6 

CGN  38-40 

159.8 

CVN  68,69^ 

221.3 

Sub  Total 

651.2 

Ingalls  (Litton) 

LHA  1 -5'  ' 

701.7 

Electric  Boat  (General  Dynamics) 


SSN  690,694,696-699 

121.3 

SSN  700-710 

422.6 

Sub  Total 

543.9 

Total 

1,896.8 

NOTE:  (^CVN  68  and  LHA  1 were  authorized  prior  to  FY  1970. 


A claim  from  National  Steel  & Shipbuilding  Company  regarding 
the  AOR  7 contract  was  settled  with  a Headquarters  Modification  Request  (HMR). 

In  addition,  in  hearings  before  a Subcommittee  of  the  Committee  on 
Appropriations  of  the  House  of  Representatives  on  July  20,  1976,  Admiral 
Frederick  H.  Michaelis,  USN,  Chief  of  Naval  Material  provided  a list  of 
probable  claims  which  included  the  DD  963  program  at  Ingalls. 


EXHIBIT  E.  5 


STURGEON  637  CLASS  SSN  CHARACTERISTICS 
CHRONOLOGY 

FY  62  - (637-639)  Original  (SCB  188)  ship  of  the  SSN  593  class.  OPNAV 
09010.1 19A  Serial  01328P43of  6 May  1958  - Change  1-12 

FY  62  - 63  - OPNAV  09010.180  Change  1 Serial  01006P42  of  18  October  62. 

A.  Change  1 to  FY  64  characteristics  (SCB  188A)  below. 

1 . Extended  FY  64  characteristics  to  FY  62  - 63  (11  ships  - 
3 - FY  62  - 8 - FY  63) 

2.  Minor  electronic  changes 

3.  Item  specified  for  FY  64  characteristics  Schedule  "A". 

B.  OPNAV  09010. 180A  Serial  01095P36  of  29  May  1963  - 
redesignated  SSN  593  class. 

1 . Promulgated  revised  characteristic  (188A)  for  FY  62-63 

2.  Cancelled  OPNAV  09010. 180  of  2 July  62 

3.  Updated  electronics  - Required  SUPRAD  and  floating 
wire  antenna 

4.  New  self  noise  goals 

5.  Surveillance  was  added  as  design  task 

6.  Improved  near  surface  depth  control 

7.  Increased  in  torpedo  storage 
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FY  62  - 63  (Continued) 


8.  Increcse  in  accommodations 


C.  Change  1 - OPNAV  09010. 180A  Change  1 Serial  0456P36  of 
28  April  64. 

1 . Surface  performance  characteristics  specified 

2.  Added  electronic  equipment  list  to  accommodate  system 
requirement.  - No  major  chonge 

3.  Added  weapons  equipment  list 

D.  Change  2 - OPNAV  09010.180A  Change  2,  Serial  016P36  of 
1 3 Januory  65. 

1 . SUPRA D E for  two  ships  in  FY  62 

2.  SUPRAD  D for  remainder 

3.  Revised  electronics  - sonor 

E.  Change  3 - OPNAV  09010-180A  Chonge  3,  Serial  01098P36 
of  29  November  65. 

1 . Deleted  SUPRAD  D for  FY  62-63  (all  ships)  and  sub- 
stituted SUPRAD  E. 

F.  Change  4 - OPNAV  09010. 180A  Change  4 Serial  0771  P 36 
of  26  November  68. 

1 . Clarified  hovering  depth  management. 

2.  Combined  Radio/ECM  Room  for  SSN  646  only. 

3.  Deleted  specified  equipment. 

SSN  647  and  652  provide  cable  and  foundation  for  Navigotion 
Satellite  Recever. 
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FY  64 


A.  FY  64  (A)  OPNAV  09010.180  Serial  0623P42  of  2 July  62,  (SCB 

188A)  - Redesigned  SSN  593  class.  Major  change  - Sonar. 

1 . Improved  surveillance 

2.  Improved  depth  control 

3.  Increase  in  torpedo  storage 

4.  Increase  in  accommodations 

B.  Above  characteristics  cancelled  by  OPNAV  09010. 180A  of  29  Novem- 
ber 1963.  New  characteristics  for  FY  64  issued. 


C.  Next  (five  ships)  revised  characteristics  for  FY  64  ships  issued  by 
OPNAV  09010.209  Serial  01096P36  of  24  November  63.  Redesignated 
593  class  FY  62-63. 

1 . Improved  surveillance 

2.  Improved  depth  control 

3.  Increase  in  weapons  storage 

4.  Increase  in  accommodations 

5.  Issued  updated  electronic  suite 

6.  New  self  noise  goals 

D.  Change  1 - OPNAV  09012.2-9  Change  1 Serial  085P36  of  31  January 

64. 
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1. 


Editorial 


FY  64  Continued 


E.  Change  2 - CPNAV  09010.209  Change  2 Serial  0459P36  of  28  April 

64. 

1 . Provided  major  electronic  equipment  list.  SUPRAD  D. 

2.  Provided  major  weapon  equipment  list. 

F.  Change  3 - OPNAV  09010.209  Change  3 Serial  019P36  of  13  January 

65.  Same  as  Change  2 for  FY  62-63. 

1 . Revised  electronic  suite 

G.  Change  4 - OPNAV  09010.209  Change  4 Serial  01097P36  of  29  No- 
vember 65. 

1 . Deleted  SUPRAD  D and  substituted  SUPRAD  E. 

H.  Change  5 - OPNAV  09010.209  Change  5 Serial  0783P36  of  3 
December  68. 

1 . Clarified  hovering  depth  requirement 

2.  Install  fittings  for  additional  equipment 

3.  Provide  combined  Radio/ECM  Room  (SSN  660,  662,  664) 

4.  Fire  control  update 

5.  Weapon  capability  update  - all  except  SSN  661 
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FY  65 


A.  OPNAV  09010.210  Serial  01098P36  of  29  November  63  - SCB  200.65 
Basic  characteristics  - (Continuation  of  62/63/64) 

1 . Updated  electronic  suite  including  improved  sonar 

2.  Provide  space  for  BQS-13 

B.  Change  1 - OPNAV  09010.210  Change  1 Serial  0458P36  of  28  April 
64. 

1 . Issued  major  electronic  equipment  list 

2.  Sonar  changes 

3.  Modified  weapons  equipment  list 

C.  Change  2 - OPNAV  09010.210  Change  2 Serial  048P36  of  23  January 
69. 

1 . Clarified  hovering  depth 

2.  Fittings  for  underwater  tactical  range  pinger 

3.  DSRV  mating  for  SSN  667  and  670 

4.  Combined  Radio/ECM  Room 

5.  Deleted  Data  Correction  Computer  BQA-4  , 

6.  Provide  cable  and  foundation  for  Navigation  Satillite  Receiver 

7.  Provide  for  MK  113  Mod  6 Vice  MK  113  Mod  2 

8.  Weapon  update 
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FY  66 


A.  OPNAV  09010.244  Serial  0226P36  of  19  March  1965  continuation 
FY  62/63/64/65  (SCB  300.66) 

1 . Fire  control  MK  1 13  Mod  2 

2.  Reserve  space  for  weapon  update 

3.  Revised  noise  goals 

B.  Change  1 - OPNAV  09010.244  Change  1 Serial  0229136  of  18 
February  66. 

1 .  Provide  for  space  and  weight  only  for  PUFFS 

C.  Change  2 - OPNAV  09010.244  Change  2 Serial  0366 P36  of  30  April 
69. 

1 . Clarified  hovering  depth 

2.  Fittings  for  sonar  update 

3.  DSRV  mating  capability 

4.  Radio  and  ECM  Room  combined 

5.  Navigation  Satellite  Receiver 

6.  Special  ECM  antenna 

7.  Deleted  MK  9 Mod  0 and  substitute  MK  8 Mod  8. 

8.  Delteted  space  requirement  for  EX- 13 
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FY  67 


A.  OPNAV  09010.272  Serial  082P36  of  1 February  67  Continuation  FY 
62/63/64/65/66  maximum  extent  possible  SCB  300.67. 

1 . Lengthen  ship  8'  - 3" 

2.  Space  and  wight  reservation  for: 

Acoustic  Information  Gathering  System  (AIGS  III) 

- Improved  PUFFS  array  and  equipment 

Satellite  Navigation  System  AN/SRN-9 

3.  Increase  accommodations  - (3  enlisted) 

4.  DSRV 

5.  Change  in  periscope 

6.  Rearrange  ECM  space 

7.  Electronic  suite  updated 

Stowage  for  expendable  bathythermograph 
Improved  VHF/UHF/lFF  System 

8.  New  Weapons  Launch  Console  and  Switchboard 

9.  Revised  noise  goals 

B.  Change  1 OPNAV  09010.272  Change  1 Serial  0273P36  of  19  April 
67. 

1 . Deleted  Close  Contact  Tracking  System  (REVEL) 

(5  ships) 
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FY  68 


A.  OPNAV  Itr.  366  Serial  0334P36  of  25  May  67. 

Extended  FY  67  characteristics  to  FY  68  ships  (2  ships) 

Note  - Multi-Year  buy 

FY  69 

A.  OPNAV  Itr.  36C  Serial  066P36  of  23  February  68. 

Extended  FY  67  characteristics  to  FY  69  ship  (2  ships) 

B.  OPNAV  Ltr.  OP-366  Serial  0623P36  of  17  October  68  modified  FY 
67  Characteristics  for  FY  69  ships  to  specify  MK  113  Mod  10  Fire 
Control  vice  MK  113  Mod  8 including  CO  Display  panel. 
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